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Abstract
Although the epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) varies across Europe, healthcare-associated MRSA
infections are common in many countries. Despite several national guidelines, the approach to treatment of MRSA infections varies
across the continent, and there are multiple areas of management uncertainty for which there is little clinical evidence to guide prac-
tice. A faculty, convened to explore some of these areas, devised a survey that was used to compare the perspectives of infection
specialists from across Europe on the management of MRSA infections with those of the faculty specialists. The survey instrument, a
web-based questionnaire, was sent to 3840 registered delegates of the 19th European Congress of Clinical Microbiology and Infec-
tious Diseases, held in April 2009. Of the 501 (13%) respondents to the survey, 84% were infection/microbiology specialists and 80%
were from Europe. This article reports the survey results from European respondents, and shows a broad range of opinion and
practice on a variety of issues pertaining to the management of minor and serious MRSA infections, such as pneumonia, bacteraemia,
and skin and soft tissue infections. The issues include changing epidemiology, when and when not to treat, choice of treatment, and
duration and route of treatment. The survey identified areas where practice can be improved and where further research is needed,
and also identified areas of pan-European consensus of opinion that could be applied to European guidelines for the management of
MRSA infection.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is a
common cause of healthcare-associated infections and a
major problem in hospitals and intensive-care units (ICUs)
worldwide. MRSA is associated with a wide range of infec-
tions, including skin and soft tissue infections (SSTIs), pneu-
monia, bacteraemia, endocarditis, osteomyelitis, prosthetic
joint infections, and catheter-related infections [1,2]. The
past decade has seen an increase in the incidence of MRSA
in hospital settings in Europe [3], and more recently the
emergence of community-acquired MRSA (CA-MRSA). The
proportion of S. aureus infections due to MRSA varies
among countries in Europe, ranging from <1% in the north
to >50% in the south, and rates above 60% have been
reported in some ICUs [3]. Recently, however, several
European countries have seen a decline in the prevalence of
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healthcare-associated MRSA (HCA-MRSA) infections,
possibly reflecting the effect of improved efforts in infection
control, antimicrobial stewardship, and management involve-
ment [4].
The successful management of MRSA infections depends
on making appropriate clinical decisions about the site and
severity of infection, likely antibiotic susceptibility of the
pathogen, indication for surgery and/or antibacterial therapy,
and, if the latter is chosen, type and length of antibacterial
therapy [5]. Management decisions must also take into con-
sideration the removal of possible sources of infection, e.g.
indwelling device, foreign body, or abscess, that can influence
the efficacy of antibiotic therapy.
Several reviews, consensus statements and guidelines have
been published recently to address aspects of the diagnosis
and treatment of MRSA infections in the USA [6–9], Canada
[10], and some European countries [11–15], but a broad
consensus for Europe has been lacking. To address this gap,
a consensus conference sponsored by the European Society
of Clinical Microbiology and Infectious Diseases in 2007
covered selected aspects of the prevention, control and
management of MRSA infections [16], including a review of
available antibiotics [5]. However, many questions on the
most appropriate approach to treatment of MRSA infections
remain unresolved, and there are a number of practical
aspects of management of MRSA infections for which there
is simply no published evidence.
Therefore, a faculty of infection specialists was convened
to address some of these questions through the develop-
ment of a questionnaire that could be used to survey infec-
tion specialists across Europe, with the awareness that there
may be no single answer to some of these questions, and
recognizing that single solutions may not be applicable to
practice in every European country. The aims of the survey
were to explore opinion and exchange ideas, to provide a
broad base of opinion on a variety of issues pertaining to the
management of MRSA infection from infection specialists
across Europe, and to compare those responses with those
of the faculty specialists. It was hoped that the survey might
determine whether the creation of pan-European MRSA
infection management guidelines was practical and, if so,
inform the development of those guidelines with conclu-
sions/recommendations based on the answers to each ques-
tion.
This article reports the findings of the survey, which
targeted a variety of issues pertaining to the management
of MRSA infections, including changing epidemiology, when
and when not to treat, choice of treatment, duration and
route of treatment, and treatment of minor or serious
infections.
Materials and Methods
MRSA workshops and development of the MRSA survey
An expert faculty was chosen by the Chair to represent sev-
eral European countries and to include leaders in infectious
diseases, intensive care and clinical microbiology with experi-
ence in the development of country-specific guidelines. The
faculty met in two workshops in London, UK, and Washing-
ton DC, USA, in September and October 2008, to identify
areas where discussion on management strategies was
needed and to develop a list of controversial or commonly
asked questions on the antibiotic treatment of MRSA
infections.
In the first workshop, the faculty identified key topics, and
members were each assigned a topic for review, based on
their areas of expertise. Faculty members were instructed to
prepare the following for the second meeting: background
information on their topics; challenging or controversial
issues in those topics (e.g. which oral combination treatment
is preferred or what duration of therapy is optimal); and four
or five questions. During the second meeting, members pre-
sented their topics, issues, and questions. The questions
were reviewed and edited by the faculty, and possible
answers to the questions were discussed.
After the workshops, the Chair collated a final list of 30
predefined questions and responses that was circulated to all
the faculty members for their agreement on inclusion in the
survey. Response formats varied, with some questions asking
respondents to select the most preferred option from among
a list, others to select the top three options from among a list,
and some to select any or all options from among a list.
Survey administration. The questionnaire was administered via
the Internet using software developed by an online vendor,
Survey Monkey (http://www.surveymonkey.com). All respon-
ses were anonymous.
Each faculty member was sent an E-mail from the Chair,
introducing the survey and providing a weblink and pass-
word. To survey European specialists, an E-mail invitation to
participate in the survey was sent on behalf of the Chair to
all registered delegates of the 19th European Congress of
Clinical Microbiology and Infectious Diseases (ECCMID; held
on 16–19 May 2009) on 16 and 29 April 2009, again provid-
ing a weblink and password. Delegates were asked to answer
the questions on the basis of their personal opinion and
practice.
Analysis. Simple counts and proportions were calculated for
the survey responses. These were based on the number of
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respondents answering each question. Not all respondents
answered each question.
Results
Demographic characteristics of participants
A total of 13 faculty members participated in the workshops
and voted on their preferred responses to the questions. Of
the faculty members, ten (77%) were hospital-based physi-
cians specializing in infection or critical care, and three (23%)
were laboratory-based infection specialists; all were from
Europe (UK, three; Italy, three; The Netherlands, two;
France, one; Spain, one; Croatia, one; Greece, one; and Tur-
key, one).
The E-mail invitation to participate in the survey was sent
to 3840 registered delegates, and 501 (13%) responded. Two
initial survey questions (Questions 1 and 2) requested the
specialties and countries of work of the participants (Table 1).
The specialties of the respondents included infectious dis-
eases (54%), laboratory microbiology (30%), intensive care
(3%), pharmacology (3%), and respiratory disease (1%), and
the majority of respondents (80%) were from Europe. This
article reports the survey results for European respondents
only (n = 381).
Survey questions and responses
Epidemiology of MRSA
Question 3. If true community-acquired MRSA infection
becomes more common in Europe, do you think that this
will alter empirical antibiotic choices for community-acquired
staphylococcal infection?
Background. True CA-MRSA has not yet become prevalent
in Europe in the same way that it has in the USA [2]. How-
ever, there is modest evidence that the epidemiology is
changing in Europe [17,18]. If this occurs, physicians treating
minor staphylococcal infections in the community will need
to consider whether their choice of empirical antibiotic ther-
apy needs to have activity against MRSA. Such choices will
depend on local sensitivities, but may include older agents
such as doxycycline/minocycline, co-trimoxazole, and clinda-
mycin, and newer oral agents, such as fluoroquinolones with
enhanced Gram-positive activity (moxifloxacin and levofloxa-
cin) and linezolid.
Responses. The majority of the faculty members (92%) and
ECCMID delegates (88%) agreed that empirical antibiotic
choices for community-acquired staphylococcal infection will
be affected by an increased prevalence of CA-MRSA in Eur-
ope (Fig. 1)
Conclusions. Empirical choices of antibiotics for community-
acquired staphylococcal infections may need to be changed
in the future if CA-MRSA becomes more common. The
choice should be based on local surveillance data.
Presentation of MRSA infection
Question 4. Which is the most frequent infection caused by
MRSA in your practice?
TABLE 1. Demographic characteristics of the European
Congress of Clinical Microbiology and Infectious Diseases
survey respondents (Questions 1 and 2)
Characteristic No. (%) of respondents
Specialtya N = 474
Infectious diseases 254 (54)
Laboratory-based microbiology 144 (30)
Other 54 (11)
Pharmacy/pharmacology 16 (3)
Intensive care 14 (3)
Surgery 8 (2)
Respiratory disease 6 (1)
Primary care 4 (<1)
Haematology/oncology 3 (<1)
Geographical region N = 479
Europe 381 (80)
Western Europe 120/381 (32)
Northern Europe 112/381 (29)
Southern Europe 96/381 (25)
Eastern Europe 53/381 (14)
North/South America 28/479 (6)
Australia/New Zealand 15/479 (3)
Other (Asia, Middle East, Africa) 55/479 (11)
aParticipants could choose more than one specialty.
European regions were defined according to the United Nations Statistics Divi-
sion, and included participants from western Europe (Austria [8], Belgium [17],
France [15], Germany [22], Monaco [1], The Netherlands [36], Switzerland
[21]), northern Europe (Denmark [5], Estonia [6], Finland [22], Iceland [2], Ire-
land [10], Latvia [2], Lithuania [1], Norway [2], Sweden [6], the UK [56]), south-
ern Europe (Albania [4], Andorra [2], Croatia [3], Cyprus [1], Greece [12], Italy
[22], Macedonia [2], Malta [3], Portugal [11], Serbia [2], Slovenia [4], Spain [22],
Turkey [8]) and eastern Europe (Bulgaria [3], Czech Republic [12], Hungary [7],
Poland [7], Romania [9], Russia [7], Slovakia [7], and Ukraine [1]).
FIG. 1. If true community-acquired MRSA infection becomes more
common in Europe, do you think that this will alter empirical antibi-
otic choices for community-acquired staphylococcal infection? (Ques-
tion 3.) ECCMID, European Congress of Clinical Microbiology and
Infectious Diseases; MRSA, methicillin-resistant Staphylococcus aureus.
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Background. MRSA behaves in a way similar to sensitive
strains of S. aureus in its ability to cause a remarkable spec-
trum of pathology [19]. S. aureus usually causes localized
SSTIs in which entry is via a hair follicle (boil, furuncule, car-
buncle, or folliculitis), impetigo, or wound. S. aureus is one of
the most common isolates from blood cultures and there-
fore a major cause of bloodstream infections. Community-
acquired staphylococcal bloodstream infections probably gain
entry via minor breaks in the skin, whereas hospital-acquired
staphylococcal bacteraemia occurs most frequently via intra-
vascular catheters. Bacteraemia can infect many organs in the
body, resulting in, for example, osteomyelitis, septic arthritis,
vertebral osteomyelitis/discitis, myositis and deep muscle
abscesses, endocarditis, or pneumonia; staphylococcal pneu-
monia can also arise from aspiration, often following a viral
pneumonitis, especially influenza [20].
Responses. This question was chosen to survey the respon-
dents’ clinical experience in MRSA infection. SSTI was the
most frequent MRSA infection seen in European clinical prac-
tice, as reported by 79% of ECCMID delegates and 39% of
faculty members (Fig. 2). However, a large proportion (39%)
of the faculty members also reported that bloodstream infec-
tion was the most common infection caused by MRSA in
their practice. This difference in distribution probably reflects
the fact that the members of the faculty are highly specialized
and from tertiary-care centres, seeing a more selective
patient population than that of the overall group of respon-
dents.
Conclusions. The ECCMID delegates and faculty members
were seeing a wide range of presentations of MRSA infec-
tion, of which SSTI was the most common. MRSA causes the
same range of infections as methicillin-sensitive Staphylococcus
aureus (MSSA). In institutions where there is a higher
carriage rate of MRSA, deep-seated and bloodstream infec-
tions with MRSA may be more common.
Question 5. Which is the most common focus of MRSA
bloodstream infections in your practice?
Background. Most MRSA bacteraemia in Europe is health-
care-associated. Several studies [21,22] have demonstrated
that the most common foci for MRSA bacteraemia are intra-
vascular catheters—those sited in peripheral vessels, as well
as those sited centrally. Even if the patient presents to hospi-
tal with an MRSA bacteraemia, the focus is often related to a
vascular catheter sited at a recent hospital visit. Other com-
mon foci are skin and soft tissue sites—especially ulcers,
chronic wounds, or surgical wounds—and the urinary tract
in association with urinary catheters.
Data from the MRSA bacteraemia Enhanced Surveillance
Scheme provide an important means of identifying risk fac-
tors and sources of bacteraemia in British patients [22].
SSTIs (the most common sources of bacteraemia in the
admission-diagnosed group) may result from the use of
peripheral intravascular devices, the most common risk fac-
tor in this group. It is hypothesized that a large proportion
of those patients presenting to the acute hospital with an
MRSA bacteraemia developed this condition as a result of a
prior healthcare contact. Identification of key risk factors
and sources of bacteraemia will allow effective targeting of
infection control interventions and help guide selection of
initial empirical antibacterial therapy.
Responses. In the survey, 48% of ECCMID delegates listed
intravascular lines as the most common foci of bloodstream
infections (Fig. 3). These sources therefore represent a
major target for healthcare intervention in the reduction of
serious MRSA infection across Europe. Careful management
of intravascular lines is an effective intervention in reducing
bloodstream infections. Skin and soft tissue was reported by
31% of respondents as the most common focus of bactera-
emia (Fig. 3). As the great majority of MRSA bloodstream
infections in Europe are healthcare-related, the sources of
many of these infections are likely to be surgical wounds.
Preventing these also represents a target for reducing the
number of MRSA bloodstream infections, and the obvious
method for this is the screening of surgical patients for
MRSA and, if necessary, subsequent decolonization therapy
[23,24].
The fact that 13% of ECCMID delegates and one faculty
member reported respiratory tract infection as the most
common focus for MRSA bacteraemia is surprising. Staphylo-
coccal pneumonia is relatively rare. Even in ventilated patients
in high-dependency units, the finding of staphylococci,
FIG. 2.Which is the most frequent infection caused by MRSA in
your practice? (Question 4.) ECCMID, European Congress of Clini-
cal Microbiology and Infectious Diseases; MRSA, methicillin-resistant
Staphylococcus aureus.
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especially MRSA, in respiratory secretions usually represents
colonization rather than infection.
Conclusions. Healthcare organizations should optimize the
care of intravascular catheters by ensuring insertion under
aseptic conditions, documentation in the patient records,
daily inspection of the catheter site, and removal as soon as
possible. Decreasing the frequency of catheter use is also
important. Surgical wound infection with MRSA can be
reduced by preoperative screening for MRSA and, if neces-
sary, decolonization therapy.
Clinical decision-making and empirical therapy
Question 6. Would you prescribe antibiotics active against
MRSA in the following situations? (Check all that apply.)
Background. Knowing when to treat for MRSA can be
challenging for practising clinicians. Serious MRSA sepsis can
be life-threatening, and requires expedient and aggressive
management, including treatment with an appropriate antibi-
otic with known activity against MRSA. On the other hand,
inappropriate second-line or broad-spectrum antibiotics can
be costly and can engender the development of antimicrobial
resistance.
This means that the prescribing physician must be aware
of the local epidemiology and particular risk factors for
MRSA infection. These are not the same in every geographi-
cal area across Europe [18].
Responses. Not surprisingly, the responses were varied
(Table 2). Nearly all of the faculty members and ECCMID
delegates agreed with the statement that significant MRSA
bacteraemia should be treated—when MRSA is isolated
from the blood and the patient has clinical signs compatible
with sepsis—with antibiotics active against MRSA. A pro-
portion of the ECCMID delegates would treat what most
would regard as colonization rather than infection: 8% for
MRSA in catheter urine, 19% for MRSA in a chronic ulcer,
and 16% for MRSA in sputum with no new chest signs.
Systemic antibiotics would not be recommended for colo-
nization. Twenty-two per cent would use antimicrobials
effective against MRSA to treat a patient with an uncompli-
cated wound infection; this is appropriate practice.
Twenty-five per cent would use antibiotics effective against
MRSA to treat a patient with no comorbidities but who
had a deep abscess with Gram-positive cocci on Gram
stain; this decision must rely on local epidemiology. Many
more, 61%, would use treatment active against MRSA
when the deep abscess was in a patient with risk factors
for MRSA, such as diabetes and regular hospital admission.
Conclusions. Where there is colonization but not infection,
systemic antibiotics should not be used, except, rarely, as a
part of a decolonization attempt (in combination with
local treatment) in a complicated carrier. If local risk
factors—particularly previous colonization with MRSA—and
FIG. 3.Which is the most common focus of MRSA bloodstream
infections in your practice? (Question 5.) ECCMID, European Con-
gress of Clinical Microbiology and Infectious Diseases; IV, intrave-
nous; MRSA, methicillin-resistant Staphylococcus aureus.
TABLE 2. Would you prescribe
antibiotics active against MRSA in
the following situations? (Check all
that apply.) (Question 6)
Clinical situation
Faculty
members,
n (%),
N = 12
ECCMID
delegates,
n (%),
N = 303
Significant MRSA bacteraemia, i.e. MRSA isolated from blood culture
and patient has clinical signs compatible with sepsis
12 (100) 299 (99)
MRSA isolated in catheter urine in a patient who is otherwise well 0 25 (8)
MRSA isolated in minor (uncomplicated) wound infection in a patient
who is otherwise well
2 (17) 66 (22)
MRSA in a chronic venous ulcer in a patient who is otherwise well 3 (25) 58 (19)
Gram-positive cocci in clusters from deep soft tissue abscess in a
patient with no comorbidities from the community
2 (17) 75 (25)
Gram-positive cocci in clusters from deep soft tissue abscess in a
diabetic patient with regular hospital admission from the community
6 (50) 185 (61)
MRSA in sputum of patient with chronic obstructive airways disease,
and no new chest signs
0 47 (16)
ECCMID, European Congress of Clinical Microbiology and Infectious Diseases; MRSA, methicillin-resistant Staphy-
lococcus aureus.
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epidemiology suggest a significant risk for MRSA being a path-
ogen in a clinical infection, empirical treatment should include
coverage against MRSA.
Question 7. Would any of the following risk factors make
you start empirical therapy against MRSA for a patient with
suspected bacteraemia presenting as an emergency?
Background. Delay in the administration of adequate antimi-
crobial treatment to critically ill patients with MRSA blood-
stream infections increases the risk of mortality associated
with these infections [25]. Thus, it is important for clinicians
working in hospitals and emergency departments to realize
the importance of instituting appropriate therapy early when
there is a significant likelihood of MRSA infection. This reali-
zation depends upon knowing the local epidemiology of, and
risk factors for, MRSA infection.
Responses. In general, the faculty members were more
likely than the ECCMID delegates to start empirical ther-
apy against MRSA infection if key risk factors for MRSA
infection were present (Table 3). However, the majority
of both groups agreed that they would start empirical
therapy active against MRSA for an ill patient with sus-
pected bacteraemia who had previously been colonized
with MRSA. A minority of the faculty members (15%) and
ECCMID delegates (31%) stated that they would not start
empirical therapy against MRSA until cultures were positive
for MRSA.
Conclusions. The main risk factor for MRSA infection is
prior colonization. Empirical treatment covering MRSA
should be strongly considered in bacteraemic patients known
to be colonized with MRSA. Screening for MRSA and decolo-
nization should be performed in regular attenders of health-
care facilities. Other risk factors may be important in certain
locations. Therefore, a decision on commencing empirical
treatment to cover MRSA in a patient with suspected bacter-
aemia with any of the other listed risk factors must be based
on local epidemiology.
Oral antibacterial therapy
Question 8. Are oral antibiotics ever justified for the initial
treatment of proven MRSA infection in the following? (Check
all that apply.) (Fig. 4.)
Background. It is a common belief that systemic infections
should be treated with parenteral antibiotics. However, it
has been established that some severe infections can be trea-
ted at home with oral antibiotics just as effectively as with
parenteral therapy in hospitals [26–28]. Oral therapy offers
the advantage of increased comfort for the patient and saved
resources for the healthcare system through reduced fre-
quency of admission to hospital. Staphylococcal infections
are generally considered to be serious, with the potential to
cause metastatic infections with a high mortality rate. Oral
agents should have good bioavailability. High doses of antimi-
crobials used orally may be necessary to ensure adequate
concentrations of the drug at the infection site. In addition,
patients need to absorb the drug, and oral therapy should
not be used in patients who are vomiting or who have
severe diarrhoea. There is a need to further define the role
of oral therapy in staphylococcal infections, especially those
caused by MRSA.
Responses. The majority of faculty members (92%) and
ECCMID delegates (86%) agreed that oral antibiotics can be
used for the treatment of uncomplicated, non-serious SSTIs
due to proven MRSA (Fig. 4). Faculty members were more
likely than ECCMID delegates to also consider use of oral
antibiotics for the treatment of proven MRSA in complicated
TABLE 3. Would any of the following risk factors make you
start empirical therapy against MRSA for a patient with
suspected bacteraemia presenting as an emergency? (Check
all that apply.) (Question 7)
Risk factors
Faculty
members,
n (%),
N = 13
ECCMID
delegates,
n (%),
N = 303
Previous use of quinolones 6 (46) 55 (18)
Previous use of macrolides 2 (15) 19 (6)
Previous MRSA colonization 12 (92) 218 (72)
Previous hospital admission within 3 months 9 (69) 104 (34)
Admitted from nursing home 9 (69) 87 (29)
Foreign-body infection 9 (69) 109 (36)
I would not start empirical anti-MRSA
treatment until cultures were positive for
MRSA
2 (15) 95 (31)
ECCMID, European Congress of Clinical Microbiology and Infectious Diseases;
MRSA, methicillin-resistant Staphylococcus aureus.
FIG. 4. Are oral antibiotics ever justified for the initial treatment of
proven MRSA infection in the following? (Check all that apply.)
(Question 8.) ECCMID, European Congress of Clinical Microbiology
and Infectious Diseases; MRSA, methicillin-resistant Staphylococcus
aureus.
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SSTIs and bone and joint infections. A significant proportion
(25%) of the faculty members and ECCMID delegates would
consider use of oral agents for the treatment of pneumonia,
whereas only 10% would consider oral agents for treatment
of MRSA bacteraemia.
Conclusions. Oral treatments with antibiotics that have
good bioavailability are appropriate for many MRSA infec-
tions, especially SSTIs and bone and joint infections. Such
drugs could also be considered in bloodstream infections and
pneumonia when the clinical condition is stabilizing.
Question 9. If oral drugs are acceptable, which oral treat-
ment would you consider for the initial treatment of serious
MRSA infection, providing that the isolate is susceptible to
the drug?
Background. The choice of orally available antibiotics with
in vitro activity against MRSA includes co-trimoxazole
(trimethoprim–sulphamethoxazole), clindamycin, doxycycline
and minocycline, linezolid, rifampicin, fusidic acid and
occasionally quinolones [29–32]. These agents are used
alone or in combination (see Question 17). CA-MRSA is
more likely to be sensitive to a wider range of these anti-
biotics than is hospital-acquired MRSA (HA-MRSA). There
is concern that some of the antibiotics active against MRSA
in vitro may be ineffective or only sporadically effective
in vivo [33]. There is a lack of well-designed, controlled
studies for the treatment of staphylococcal infections with
some of the older antibiotics, which further complicates
the decision on whether to use these antibiotics [34].
Responses. Linezolid was the most common oral choice for
the initial, empirical treatment of serious MRSA infection,
selected by the faculty members and by 68% of the ECCMID
delegates who considered oral drugs to be acceptable
(Fig. 5). Co-trimoxazole (trimethoprim–sulphamethoxazole),
doxycycline plus rifampicin or fusidic acid, rifampicin plus
fusidic acid, and clindamycin plus rifampicin were also
selected by 24–55% of the faculty members. Other choices,
including moxifloxacin–levofloxacin combination therapy and
doxycycline monotherapy, were selected by fewer than 20%
of the ECCMID delegates.
Conclusions. Oral linezolid is considered to be appropriate
oral treatment for serious MRSA infection. Other oral
agents—usually in combination, such as doxycycline plus
rifampicin or fusidic acid, clindamycin plus rifampicin, and co-
trimoxazole—are used, depending on susceptibility results.
Question 10. Which of the following criteria are important
for an early switch from intravenous (IV) to oral adminis-
tration in a patient with MRSA infection able to take oral
medication?
Background. When a suitable oral agent exists, IV-to-oral
switch programmes have been shown to be highly effective
for a variety of infections [35–37]. The criteria for IV-to-oral
switch, as well as the success of discharging patients from
hospital on oral therapy for many infections, including
serious Gram-positive infections, are well established
[38–39]. Criteria specific for serious Gram-positive infections
have been suggested by Desai et al. [39]. Among patients
receiving IV glycopeptide for antimicrobial-resistant Gram-
positive infections of the blood, sputum, skin, soft tissue, and
other sites, criteria were used to identify those who could
be potentially discharged on oral medication. This would
clearly have many benefits, such as reduced need for IV
access or reduction in hospital length of stay, without
compromising safety.
Although many suitable patients may be identified, for
MRSA infections there remains a general reluctance among
clinicians to discharge patients on oral medication; this may
reflect a lack of clarity of the criteria used for IV-to-oral
switch, or a lack of confidence in oral therapy for serious
infections.
Responses. There was broad agreement (>60%) between
the faculty members and ECCMID delegates about the crite-
ria for switching from IV to oral therapy for MRSA infections
(Table 4). The site of infection, clinical stability and reduction
in C-reactive protein levels were common criteria used in
this decision. Both groups attached less importance to a nor-
mal white blood cell count (WBC) as a criterion for IV-to-
oral switch.
Clinical stability (defined by a temperature of <38C for
24 h, normalizing WBC, and no unexplained tachycardia
FIG. 5. If oral drugs are acceptable, which oral treatment would you
consider for the initial treatment of serious MRSA infection, provid-
ing that the isolate is susceptible to the drug? (Check all that apply.)
(Question 9.) ECCMID, European Congress of Clinical Microbiology
and Infectious Diseases; MRSA, methicillin-resistant Staphylococcus
aureus.
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(heart rate of <100 beats/min)), known antimicrobial sensitiv-
ity (if the pathogen has been identified by the microbiology
laboratory), adequate oral absorption (defined as the
patient’s ability to tolerate oral fluids), no medical problems
leading to reduced absorption, and no surgical operation
scheduled within the next 36 h are typical factors used to
identify patients suitable for IV-to-oral switch [39]. Insisting
on a normal WBC does not appear to influence the effec-
tiveness of the switch. These criteria offer clinicians objective
guidance and reassurance when they are considering switch-
ing patients from IV to oral therapy in the management of
MRSA infections.
Conclusions. IV-to-oral switch appears to be safe for a vari-
ety of infections, with benefits for both the patient and the
hospital. It is appropriate once there is clinical stability and a
resolving infection site. The optimal duration of therapy
remains uncertain, and requires further investigation.
Duration of antibacterial therapy
Question 11. What is your minimum total duration of ther-
apy in MRSA bacteraemia due to a line infection if the line
has been removed and there is no evidence of another focus
(e.g. endocarditis)?
Background. Historically, all patients with S. aureus bactera-
emia were given treatment with long courses (4–6 weeks) of
therapy, largely because of concerns that endocarditis or
other complications might be present but undiagnosed. Ret-
rospective studies performed in the early 1990s suggested
that 10–14 days of therapy was appropriate for patients with
catheter-associated S. aureus bacteraemia in the absence of
clinical evidence of early metastatic complications [40,41]. In
a meta-analysis performed to address the efficacy of short-
course therapy for catheter-associated S. aureus bacteraemia,
the authors concluded that short-course therapy could not
be recommended until a means existed to identify ‘low-risk’
patients [42]. A more recent post hoc analysis of a random-
ized clinical trial of patients with S. aureus bacteraemia and
infective endocarditis examined the effect of duration of
therapy on outcomes. Success rates among patients who
received <14 days of antibiotic therapy were significantly
lower than those among patients who received a longer
duration of therapy (Boucher et al., 46th ICAAC, 2006,
Abstract L-1204). Mortality was also associated with an anti-
biotic course <14 days in duration [43]. In a study specifically
looking at catheter-related staphylococcal bacteraemia,
courses of antibiotics lasting for <10 days were associated
with relapse. Persisting fever at 3 days suggested a compli-
cated course requiring further investigation and prolonged
treatment [41].
Responses. Whereas all faculty members selected 10 or
14 days as the minimum duration of therapy for bacteraemia
due to MRSA (Fig. 6), there was little consensus among the
ECCMID delegates, suggesting that many patients with MRSA
bacteraemia are being inadequately treated. This survey find-
ing has important educational consequences for physicians
managing staphylococcal bacteraemia.
Conclusions. For uncomplicated MRSA bacteraemia due to a
line infection, current guidelines and evidence support the
minimum recommended treatment duration of 10–14 days.
Repeat blood cultures should be collected on day 3 of treat-
ment, along with investigation of the foci. MRSA bacteraemia
TABLE 4. Which of the following criteria are important for
an early switch from IV to oral in a patient with MRSA
infection able to take oral medication? (Check all that
apply) (Question 10)
Criteria
Faculty
members,
n (%),
N = 13
ECCMID
delegates,
n (%),
N = 267
Clinical improvement, and no
evidence of hypotension or shock
11 (85) 193 (72)
Site of infection 10 (77) 191 (72)
No temperature for 24 h 10 (77) 150 (56)
Falling inflammatory markers
(e.g. CRP)
9 (69) 176 (66)
Normal WBC count 5 (39) 68 (26)
CRP, C-reactive protein; ECCMID, European Congress of Clinical Microbiology
and Infectious Diseases; IV, intravenous; MRSA, methicillin-resistant Staphylococcus
aureus; WBC, white blood cell.
FIG. 6.What is your minimum total duration of therapy in MRSA
bacteraemia due to a line infection if the line has been removed and
there is no evidence of another focus (e.g. endocarditis)? (Ques-
tion 11.) ECCMID, European Congress of Clinical Microbiology and
Infectious Diseases; MRSA, methicillin-resistant Staphylococcus aureus.
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with complications may require prolonged courses of
antibiotics in addition to further investigation and possible
surgical intervention at the foci of infection. A significant pro-
portion of respondents are using shorter courses of antimi-
crobials, suggesting a need for education around investigation
of sources of staphylococcal infection and duration of treat-
ment.
Question 12. What do you regard as the optimal total
duration of therapy for MRSA pneumonia?
Background. There are few data on the optimal duration of
antibiotic therapy for HCA-MRSA pneumonia [44–49]. Until
recently, most experts recommended that treatment of nos-
ocomial MRSA pulmonary infections should last for at least
14 days, because of the risk of late-onset complications, such
as abscesses, and a higher risk of relapse with courses of
therapy £14 days [12,46,50–53].
The tendency of MRSA to cause ventilator-associated
pneumonia (VAP) recurrence may reflect the suboptimal
antimicrobial action of vancomycin and its inability to eradi-
cate the bacteria from the respiratory tract, as its penetra-
tion into lung tissue and pulmonary lining fluid is relatively
low [49,54,55].
The recommendation of a prolonged duration of therapy
for MRSA pneumonia remains largely empirical, owing to a
lack of prospective, controlled studies. Unfortunately, this
traditional approach of prolonged antibiotic therapy may
favour the emergence of multidrug-resistant strains of
S. aureus, expose patients to unnecessary antibiotic toxicity,
and increase costs [50,56,57].
In a subset analysis of 42 patients with MRSA who were
included in a large multicentre, randomized controlled trial
comparing two durations of antibiotic therapy for VAP, the
clinical outcomes of patients who received therapy for 8 days
were similar to those of patients who received therapy for
15 days [44].
Thus, prolonging therapy may not by itself prevent com-
plications. Another option is to customize the duration of
antibiotic therapy according to the patient’s clinical status
and their risk factors for an adverse outcome. The feasibility
of basing duration of antibiotic therapy on the patient’s clini-
cal status was evaluated in a prospective, randomized con-
trolled trial of 302 patients with VAP who were randomly
assigned to have the duration of antibiotic therapy deter-
mined either according to an antibiotic discontinuation policy
or by their treating physicians [58]. In the policy group,
recommendations were made to stop antibiotics if the
pulmonary infiltrate was identified as non-infectious, and if
the signs and symptoms suggesting an active infection
had resolved (body temperature £38.3C; leukocyte
count £10 000/lL or ‡25% below peak values; absence of
purulent sputum; improvement or lack of progression on
the chest radiograph; PaO2/FiO2 ‡250). Both groups had simi-
lar clinical outcomes, including hospital mortality, duration of
mechanical ventilation, and proportion experiencing relapse,
although the duration of antibiotic therapy was significantly
shorter in the discontinuation policy group [58]. Unfortu-
nately, only a few patients with MRSA infection were
included in this study, making it difficult to draw a firm con-
clusion for this subset of patients. The value of using specific
risk factors in customizing the duration of antibiotic therapy
remains to be demonstrated. Several clinical and biological
factors have been shown to evolve differently among survi-
vors and non-survivors of VAP [45,46,59–61]. For example,
serial measurements of the modified clinical pulmonary infec-
tion score were able to distinguish among survivors and
non-survivors, starting on day 3 after a diagnosis of VAP in a
cohort of patients managed in Buenos Aires [59]. Of the
individual components of the clinical pulmonary infection
score, only the improvement in PaO2/FiO2 significantly distin-
guished survivors from non-survivors. Other studies have
confirmed these findings [46,61].
Responses. There was lack of consensus on the optimum
duration of therapy for MRSA pneumonia (Fig. 7), although
14 days was selected by 62% of the faculty members and
48% of the ECCMID delegates.
FIG. 7.What do you regard as the optimal total duration of therapy
for MRSA pneumonia? (Question 12.) ECCMID, European Congress
of Clinical Microbiology and Infectious Diseases; MRSA, methicillin-
resistant Staphylococcus aureus.
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Conclusions. The optimum duration of therapy for MRSA
VAP is unknown. Respondents favoured 14 days as an appro-
priate duration.
Factors that influence the selection of antibacterial agents
Question 13. For the management of MRSA infections, what
are the top three factors that most influence your antibiotic
choice? (Check three factors.)
Background. The decision-making process relating to the
use and choice of antibiotics is complex [62]. Some impor-
tant influences and processes were identified when a range
of decision support systems for antibiotic prescribing were
developed [63–65]. These computerized or paper-based sup-
port systems indicate that clinicians value being able to pre-
dict the likely pathogen and effective antibiotics on the basis
of information relating to patient factors, site of infection,
local susceptibility, and pharmacokinetic/pharmacodynamic
requirements. However, at an individual prescriber level, the
extent of interplay between clinical, experiential, pharmaco-
logical, fiscal and other factors is poorly defined and is sub-
ject to many influences [66–69]. Once the diagnosis is made
or confirmed, the clinical effectiveness of the antibiotic for a
particular setting, the availability of microbiological and local
resistance data, the severity and site of infection and patient
factors such as comorbidity or potential for drug interactions
are all considered to be important in the decision of
whether or not to prescribe an antibiotic.
Local guidelines and their availability also appear to inform
this process. For example, a clinical consensus conference
examined the ‘real-world’ management of S. aureus blood-
stream infections through a methodology similar to ours
[70]. In this survey, local epidemiology and individual risk fac-
tors appeared to be the main determinants for the initiation
of empirical MRSA treatment [70], but the determinants for
choice of antibiotic were not explored.
Therefore, a broader understanding of this process for
managing a range of MRSA infections warrants further evalu-
ation, so that researchers and policy-makers developing clini-
cal guidance can inform this process.
Responses. The results indicate, as one would expect, that
the clinical efficacy of the antibiotic was the factor most
frequently chosen by the faculty members and ECCMID dele-
gates as crucial to choosing an antibiotic for managing MRSA
infection (Fig. 8). Antibiotic pharmacokinetics/pharmacody-
namics and individual patient factors, such as age, comorbi-
dity, and previous antibiotic use, were also considered to be
important by the majority of respondents. A smaller
proportion of respondents considered a desire or require-
ment to use local/national formulary guidance as an important
factor in determining antibiotic choice. Potential for drug
interactions, economic advantages (such as reduced length of
stay) and drug cost were considered to be important by
some respondents, whereas patient preference was not.
Severity of illness as a specific factor governing antibiotic
choice was not specifically asked for in the survey, although
comorbility, which was asked for, may be considered as a
surrogate for illness severity.
Conclusions. The top three factors in the choice of an anti-
biotic for treatment of MRSA infection are efficacy, pharma-
codynamic performance, and patient factors. These data
suggest that clinicians value, above all, the clinical efficacy of
an antibiotic combined with its ability to effectively achieve
optimal activity at the site of infection and to be effective in
vulnerable patients with complex comorbidities.
Question 14. For the management of MRSA infections, what
are the top three health economic factors that most influ-
ence your antibiotic choice? (Check three factors.)
Background. Health economic evaluation of the impact of
new therapies is now considered to be an essential compo-
nent of new drug assessment in many countries [71].
Whether these economic evaluations are used at the three
levels of decision-making—central, local, and individual physi-
cian—is uncertain. A systematic review (55 articles) of self-
reported attitudes of healthcare decision-makers regarding
economic evaluations of medical technologies was recently
published [72]. This revealed that, for physicians, 36% of
studies reported economic evaluation as a major influence
on health policy decisions, 57% reported it as a moderate
influence, and 14% reported it as a minor influence. A num-
ber of barriers to the use of economic evaluations in the
FIG. 8. For the management of MRSA infections, what are the top
three factors that most influence your antibiotic choice? (Check
three factors.) (Question 13.) ECCMID, European Congress of Clini-
cal Microbiology and Infectious Diseases; MRSA, methicillin-resistant
Staphylococcus aureus.
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decision-making process were reported. The types of eco-
nomic evaluation undertaken and the outcomes measures
are variable. Commonly reported economic outcomes
include length of stay, quality-adjusted life-years (QALYs),
drug costs, and cost of episode of infection [73–76]. Data on
the economic value of specific antibiotics for a range of
infections have also been published [77]. Currently, these
outcomes are primarily reported from a hospital or payer
perspective [78].
Responses. ECCMID delegates and the faculty members
agreed that reduced length of stay was one of three impor-
tant economic outcomes that were valued in the process of
selecting a treatment for MRSA infections (Fig. 9). Reduced
time in the ICU and duration of IV therapy were also consid-
ered to be important by ECCMID delegates, whereas the
faculty members appeared to give more weight to reducing
overall cost of care for an episode of infection. Despite the
availability of QoL data for VAP in both groups surveyed,
only 30% valued QoL measures such as QALY, presumably
reflecting their perceived uncertain value in acute as opposed
to chronic infections [79].
Conclusions. These responses are of interest to those who
develop policy for treatment of MRSA infections, and who
may want to consider formulary agents that offer healthcare
resource benefits, such as a potential to reduce length of stay
by reducing time on mechanical ventilation for VAP, or reduc-
ing duration of IV therapy—either by early IV-to-oral switch,
or by discharging patients on ambulatory IV therapy. On the
other hand, the impact of antibiotic selection on QALYs may
be deemed to be more valuable in those infections where
there is a medium-term to long-term impact on QoL. QALYs
may also offer a useful means of allowing comparative choices
to be made between different therapeutic approaches.
Outpatient therapy
Question 15. Once the patient is stable, would you con-
sider outpatient parenteral antibiotic therapy (OPAT) for the
management of MRSA infections? (Check all that apply.)
Background. Parenteral antimicrobial therapy is required to
treat a variety of acute, subacute and chronic infections. In
many parts of the world, this treatment is traditionally offered
in the inpatient setting, but the past three decades have seen
an unprecedented increase in the delivery of these therapies in
the non-inpatient setting. This option offers the patient and
those who care for the patient, and hospital-based and com-
munity-based clinicians and administrators, a number of poten-
tial clinical, economic and QoL benefits [80–82].
Recent experience from a 13-year programme in the UK
[83] provides a good example of the range of infections that
are treated effectively in the ambulatory setting. Gram-posi-
tive infections predominate, particularly those associated
with prosthesis and bone and joint infections and compli-
cated SSTIs. A recent European perspective on OPAT also
provides insights into the opportunity that it represents for
managing these infections [84]. However, many barriers to
adopting OPAT have been reported [85].
Responses. The survey confirmed that ECCMID delegates
and faculty members favoured the use of OPAT for managing
bone, joint or prosthetic infections and complicated SSTIs,
although some (approximately 30%) would not use OPAT or
would switch patients to oral medication (Fig. 10).
Conclusions. There is broad support for policy-makers and
clinicians to develop OPAT services for certain infections,
with the goal of improving healthcare resource use, although
FIG. 9. For the management of MRSA infections, what are the top
three health economic factors that most influence your antibiotic
choice? (Check three factors.) (Question 14.) ECCMID, European
Congress of Clinical Microbiology and Infectious Diseases; ICU,
intensive-care unit; IV, intravenous; MRSA, methicillin-resistant Staph-
ylococcus aureus; QALY, quality-adjusted life-year.
FIG. 10. Once the patient is stable, would you consider outpatient
parenteral antibiotic therapy (OPAT) for the management of MRSA
infections? (Check all that apply.) (Question 15.) ECCMID, European
Congress of Clinical Microbiology and Infectious Diseases; IV, intra-
venous; MRSA, methicillin-resistant Staphylococcus aureus. Outpatient
IV therapy is unnecessary because oral switch is usually appropriate.
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further research is necessary to clearly differentiate between
the clinical and microbiological risks and benefits of oral
therapy as compared with OPAT for these infections.
Antibiotic combination therapy
Question 16. Do you use combination therapy to treat
serious MRSA infection?
Background. Some clinicians advocate the use of combina-
tion therapy for the treatment of serious MRSA infections,
particularly if a polymicrobial infection is suspected and a
broad spectrum of antimicrobial activity is desired. Kollef
recommended combination antimicrobial treatment as a pos-
sible strategy, combined with consultation of infectious dis-
ease specialists and/or the use of antibiotic practice
guidelines to reduce the risk of inadequate antimicrobial
treatment [86]. Furthermore, combining antibiotics could be
considered an efficient way to prevent the development of
antibiotic resistance [87].
Responses. A majority of the faculty members (69%) and
ECCMID delegates (75%) indicated that they would use com-
bination therapy to treat serious MRSA infections (Table 5). It
would therefore seem that practice is following the consider-
ations reported above, but it may also mean that serious
MRSA infections are difficult to treat with monotherapy and
that physicians feel more confident with combination therapy.
Conclusions. See Question 18.
Question 17. In your opinion, how does combination ther-
apy compare with monotherapy for the treatment of serious
MRSA infection? (Check all that apply.)
Background. In vitro kill curves and animal studies have shown
inconsistent synergistic activity of several antibiotic combina-
tions against MRSA and vancomycin-resistant S. aureus. Vanco-
mycin–rifampicin or vancomycin–tigecycline [88], and
vancomycin–gentamicin or vancomycin–tobramycin [89], have
been reported as being effective, although a recent study failed
to confirm this [90]. Vancomycin–nafcillin is also a combina-
tion that is active against MRSA [91]. Recently, the efficacy of
combining rifampicin with vancomycin or daptomycin was
confirmed in a model of MRSA foreign-body infection [92].
Only a few prospective clinical trials have studied combi-
nations of antimicrobials for the treatment of MRSA infec-
tions. For the treatment of endocarditis, vancomycin in
combination with aminoglycosides resulted in more rapid
response and better eradication of infection in valves [93],
but was associated with more toxicity than monotherapy
with daptomycin [94]. The addition of rifampicin to vancomy-
cin has not been shown to shorten the duration of bactera-
emia in the only (small) prospective study of MRSA
bacteraemia or native valve endocarditis performed [95], and
has been associated with hepatotoxicity, drug–drug interac-
tions, and the emergence of resistant S. aureus isolates [96].
Linezolid in combination with rifampin and/or fusidic acid
[97] or carbapenems [98] has been used as salvage therapy
for difficult cases. Combinations of fusidic acid with
b-lactams or rifampicin are widely used in some countries,
although they are poorly studied [99].
Responses. Faculty members and ECCMID delegates were
asked to provide their opinion on how combination therapy
compares with monotherapy for the treatment of serious
MRSA infection (Table 5). Although the majority of the sur-
vey participants indicated that they would use combination
therapy to treat MRSA infections (answered above in Ques-
tion 16), there was little consensus on how it compared with
monotherapy, and it is interesting to note that a higher
percentage of the faculty members (75%) than the ECCMID
delegates (36%) indicated that there is not enough evidence
to justify its routine use.
Conclusions. See Question 18.
Question 18. If combination therapy is acceptable, which
would you consider for serious MRSA infection? (Check all
that apply.)
TABLE 5. Combination antibiotic treatment for methi-
cillin-resistant Staphylococcus aureus (MRSA) infection
(Questions 16–18)
Faculty,
members,
n (%)
ECCMID
delegates,
n (%)
Do you use combination therapy to
treat serious MRSA infection?
N = 13 N = 251
Yes 9 (69) 189 (75)
No 4 (31) 62 (25)
In your opinion, how does combination
therapy compare with monotherapy
for the treatment of serious MRSA
infection? (Check all that apply)
N = 12 N = 242
More effective than monotherapy 3 (25) 97 (40)
Increasing risk of toxicity 5 (42) 77 (32)
Not enough evidence for routine use 9 (75) 87 (36)
Glycopeptides alone do not provide
adequate therapy for serious infection
1 (8) 64 (26)
Less likely for resistance to develop 6 (50) 114 (47)
Combination therapy shortens duration 1 (8) 27 (11)
Other 2 (17) 24 (10)
If combination therapy is acceptable, which
would you consider for serious infection?
(Check all that apply)
N = 9 N = 250
Glycopeptide plus aminoglycoside 4 (44) 82 (33)
Glycopeptide plus rifampicin or fusidic acid 7 (78) 150 (60)
Tetracycline–doxycycline plus rifampicin
or fusidic acid
1 (11) 55 (22)
Daptomycin plus aminoglycoside 0 37 (15)
Linezolid plus aminoglycoside 0 54 (22)
ECCMID survey only: Other – 26 (10)
ECCMID, European Congress of Clinical Microbiology and Infectious Diseases.
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Background. There is little published literature regarding
the use of combination antibacterial therapy for the empirical
treatment of severe MRSA infections. The majority of drugs
active against MRSA provide only anti-Gram-positive activity,
and coverage of potentially present Gram-negative pathogens
is often required in empirical treatment. Hence, the addition
of gentamicin—with activity against both S. aureus and Gram-
negative microorganisms—to glycopeptides is an example of
combination empirical therapy for sepsis, complicated and
severe SSTIs and nosocomial pneumonia in which MRSA and
Gram-negative organisms may be pathogens.
A different situation is the use of combination therapy in
patients with confirmed MRSA monomicrobial infections.
There is no consensus on the superior efficacy of combina-
tion therapy over monotherapy in MRSA infections, with a
few exceptions. The use of vancomycin with rifampin is com-
mon clinical practice in many institutions. However, in vitro
data regarding this combination are contradictory and con-
fusing [100–102], and data obtained in animal models
[103,104] and in humans do not support a conclusion that
the addition of rifampin to vancomycin for treatment of
MRSA infection is superior to the administration of vancomy-
cin alone [95,105]. Some results even suggest that the poten-
tial for hepatotoxicity, drug–drug interactions and the
emergence of antimicrobial-resistant S. aureus isolates war-
rants a careful risk–benefit assessment before addition of
rifampin to standard antibiotic treatment of severe S. aureus
infections [96,106].
A single dose or a very short course of gentamicin added
to vancomycin may be of use to maximize synergistic and
bactericidal activity and to minimize toxicity, according to dif-
ferent models, against isolates of S. aureus with a gentamicin
MIC of <500 lg/mL, but not in highly gentamicin-resistant
isolates [90,107–110]. In any case, vancomycin and gentami-
cin should be used carefully in patients with MRSA infections,
and for a very short period of time, in order to avoid neph-
rotoxicity [111–118]. The combination of fusidic acid with
rifampin or b-lactams may be synergistic in certain situations,
and this appears to be associated with lower rates of devel-
opment of fusidic acid resistance [119–121]. Clinical data to
support the use of fusidic acid in combination with either
b-lactams or glycopeptides for the treatment of staphylococ-
cal bacteraemia, endocarditis and osteomyelitis are very lim-
ited [122,123]. However, there is significantly less
development of resistance to fusidic acid when the drug is
used in combination with other agents [124,125]. Combina-
tions of fosfomycin with b-lactam drugs, arbekacin or other
drugs have shown in vitro and in vivo synergy against MRSA,
and these are combinations that warrant further investigation
[126–130]. The combination of daptomycin and rifampin can
be synergistic and improve results in the treatment of pros-
thetic joint infections [92]. The combination of vancomycin
and linezolid should be avoided [131].
Responses. The combination of glycopeptide with rifampicin
or fusidic acid was selected by the majority of the faculty
members (78%) and ECCMID delegates (60%) who would
consider using combination therapy to treat MRSA infection
(Table 5). Other combinations were selected less frequently
or not at all.
Conclusions. A wide variety of combinations are used, the
most popular ones being a glycopeptide with an aminoglyco-
side, rifampicin, or fusidic acid. There were a variety of cited
opinions on the advantages (increased efficacy and decreased
development of resistance) and disadvantages (increased tox-
icity) of combination therapy, but there is little published evi-
dence to support combination therapy over monotherapy.
Further research is required on older antibiotics and combi-
nations in this clinical area.
Treatment of complicated SSTIs
Question 19. For a complicated skin and soft tissue infection
caused by MRSA, what would be your initial IV treatment?
Background. The choice of antimicrobial agents for MRSA
complicated SSTIs is based on various clinical considerations:
disease severity, care setting (hospital vs. community), previ-
ous treatment, previous drug failure, and possible switch to
oral drugs [132]. There are five antibiotics approved by the
European Medicines Agency (EMEA) for the treatment of
complicated SSTIs due to MRSA: vancomycin, teicoplanin, lin-
ezolid, daptomycin, and tigecycline. All of these agents are
also approved for use by the US Food and Drug Administra-
tion, with the exception of teicoplanin; and all of them are
reported in the Infectious Diseases Society of America guide-
line for management of SSTIs—with the exception of tigecy-
cline, which was not available in 2005 when the guidelines
were published [6]. Various other agents may also be suit-
able for IV treatment, either alone or in combination, and
depending on susceptibility. These include clindamycin, co-
trimoxazole, rifampicin, fusidic acid, and aminoglycosides.
Responses. IV vancomycin, selected by 46% of the faculty
members and 59% of the ECCMID delegates, is the standard
treatment for MRSA complicated SSTIs in the hospital setting
(Fig. 11). In some European countries, such as Italy and Turkey,
teicoplanin is the preferred glycopeptide, as reflected in the
survey results. However, escalation of vancomycin MICs is a
cause for concern [133], and vancomycin is increasingly being
linked with clinical failures. IV linezolid, selected by 23% of the
faculty members and 11% of the ECCMID delegates, has been
shown to be comparable to vancomycin for the treatment of
complicated SSTIs due to MRSA [134,135]. ECCMID delegates
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also selected daptomycin and tigecycline as choices for the ini-
tial IV treatment of complicated SSTIs due to MRSA. However,
none of the faculty members chose tigecycline.
Conclusions. Glycopeptides, linezolid and daptomycin are
considered to be suitable agents for the initial IV treatment
of complicated SSTIs caused by MRSA. Tigecycline is also
approved by the EMEA for the treatment of complicated
SSTIs caused by MRSA; it was, however, chosen less fre-
quently by ECCMID delegates specifically for MRSA compli-
cated SSSIs, perhaps because of its broader spectrum and
because faculty members and ECCMID delegates may have
had limited clinical experience with tigecycline.
Question 20. Assuming that the causative strain of MRSA is
susceptible to the drug, what would you use for early oral
switch in patients with complicated skin and soft tissue
infection?
Background. Despite the high prevalence of complicated
SSTIs, there are relatively few randomized controlled studies
addressing the oral antibiotic treatment of complicated SSTIs
caused by MRSA. More reliable information is available on
newer antibiotics such as linezolid and long-acting tetracy-
clines [136–138]. Before the advent of CA-MRSA, trimetho-
prim–sulphamethoxazole was rarely used for treatment of
skin infections, because of poor activity against group A
streptococci [139]. Clindamycin is a good option for SSTIs
caused by MRSA strains susceptible to this drug [140], but
there are concerns that rates of resistance to clindamycin
can be underestimated if testing for inducible macrolide–lin-
cosamide–streptogramin B resistance is not performed
[141]. For the treatment of erythromycin susceptible MRSA
strains, clindamycin is a preferred choice as emergence of
clindamycin resistance requires two step mutation and its
bioavailability is better [32]. Fluoroquinolones are not
recommended for the treatment of MRSA infections, as even
sensitive isolates may rapidly develop resistance to these
agents [13,142]. A good overview of the clinical evidence
base for using oral antibiotics for the treatment of SSTIs
caused by MRSA is published by Enoch et al. [142].
Responses. Linezolid was the most common choice for
early oral switch in the treatment of complicated SSTIs due
to MRSA, being selected by the majority (67%) of the faculty
members and 25% of the ECCMID delegates (Fig. 12). Clin-
damycin plus rifampicin and trimethoprim–sulphamethoxaz-
ole were also selected by about 10–25% of the faculty
members and ECCMID delegates. A small minority (5%) of
the ECCMID delegates responded that they would not
switch to oral treatment for complicated SSTIs due to
MRSA.
Conclusions. Linezolid is considered to be the most appro-
priate agent for early oral switch in complicated SSTIs due
to MRSA. Older antistaphylococcal agents may be effective
(especially in cases of CA-MRSA), but more controlled stud-
ies with these agents are needed.
Treatment of minor skin infections
Question 21. For minor infection of soft tissue caused by
MRSA and not requiring hospitalization, what antibiotic
would you choose?
Background. SSTIs are the most common manifestations of
infections caused by CA-MRSA. HA-MRSA is also a frequent
cause of hospital-acquired SSTIs, but care should be taken to
distinguish MRSA wound colonization from infection, as
FIG. 11. For a complicated skin and soft tissue infection caused by
MRSA, what would be your initial IV treatment? (Question 19.)
ECCMID, European Congress of Clinical Microbiology and Infectious
Diseases; IV, intravenous; MRSA, methicillin-resistant Staphylococcus
aureus.
FIG. 12. Assuming that the causative strain of MRSA is susceptible
to the drug, what would you use for early oral switch in patients
with complicated skin and soft tissue infection? (Question 20.) ECC-
MID, European Congress of Clinical Microbiology and Infectious Dis-
eases; MRSA, methicillin-resistant Staphylococcus aureus.
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excessive and inappropriate use of antibiotics may lead to
selection of even more resistant bacteria [33]. The use of anti-
biotics is also not justified in minor community-acquired SSTIs
or small abscesses, even if they are caused by MRSA [13].
There was no difference in clinical outcome among groups of
patients with CA-MRSA SSTIs who were treated with appro-
priate or inappropriate (b-lactam) antibiotic therapy [143].
However, in patients who have larger lesions (infection site
>5 cm in diameter), systemic signs of infection, or nose or
face involvement, or in whom incision and drainage alone have
failed to cure the infection, systemic antibiotics should be
administered.
Responses. There was little consensus on the antibiotic of
choice for the treatment of minor SSTIs due to MRSA; 8%
of the faculty members and 23% of the ECCMID delegates
indicated that they would not use antibiotics, but would treat
only with drainage, if required, and dressings (Fig. 13). For
participants who would use antibiotics, the most commonly
selected treatment was trimethoprim–sulphamethoxazole,
followed by doxycycline monotherapy, clindamycin plus rif-
ampicin, and doxycycline plus rifampicin or fusidic acid.
Conclusions. A variety of agents are suitable for the treat-
ment of CA-MRSA minor skin infections where drainage
alone is insufficient. These include co-trimoxazole (trimetho-
prim-sulphamethoxazole), clindamycin, doxycycline as mono-
therapy, or doxycycline in combination with rifampicin or
fusidic acid. Local susceptibility testing must be taken into
account.
MRSA colonization
Question 22. Are systemic antibiotics ever justified for
clearing MRSA carriage?
Background. This survey has not closely examined the
important issue of MRSA carriage, screening, and decoloniza-
tion. Colonization with MRSA has implications with regard
to transmission and infection control, and is a risk factor for
subsequent clinical infection. It is usually desirable to elimi-
nate carriage of MRSA when detected, and this is best
achieved with topical agents such as mupirocin. Use of sys-
temic antibiotics should be considered only when there is a
serious clinical reason for clearing colonization and when
topical agents fail [144,145]. Although any use of systemic
antibiotics carries the risk of development of resistance and
side effects, decolonization treatment using systemic antibiot-
ics in complicated carriers is, in general, short (5–7 days),
and has not yet been associated with resistance develop-
ment, when applied as outlined in a recent Dutch guideline
[146].
Responses. There was disagreement between the faculty
members and the ECCMID delegates with respect to the
use of systemic antibiotics for clearance of MRSA coloniza-
tion (Table 6). The majority of the faculty members (69%)
indicated that the use of systemic antibiotics may be justified
in certain cases, as compared with only 31% of the ECCMID
delegates.
Conclusions. Systemic antibiotics are rarely, if ever, justified
for eliminating MRSA colonization. Antibiotics are only justi-
fied for eliminating MRSA colonization in complicated cases
(e.g. failure after topical treatment) and after consultation
with an infection specialist.
Question 23. Should topical decolonization treatments be
included for patients being treated with systemic antibiotics
for MRSA infection?
Background. On the basis that the carriage of MRSA
presents risks related to infection control, transmission to
FIG. 13. For minor infection of soft tissue caused by MRSA and not
requiring hospitalization, what antibiotic would you choose? (Ques-
tion 21.) ECCMID, European Congress of Clinical Microbiology and
Infectious Diseases; MRSA, methicillin-resistant Staphylococcus aureus.
TABLE 6. Antibiotic treatment of methicillin-resistant
Staphylococcus aureus (MRSA) colonization (Questions 22–23)
Faculty
members,
n (%)
ECCMID
delegates,
n (%)
Are systemic antibiotics ever
justified for clearing MRSA carriage?
N = 13 N = 255
Yes 9 (69) 80 (31)
No 4 (31) 175 (69)
Should topical decolonization
treatments be included for patients
being treated with systemic antibiotics
for MRSA infection?
N = 13 N = 253
Yes 9 (69) 177 (70)
No 4 (31) 76 (30)
ECCMID, European Congress of Clinical Microbiology and Infectious Diseases.
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others, and infection of the individual patient, it is logical to
screen superficial sites of patients with significant MRSA
infection and attempt to clear carriage with topical antimi-
crobials such as nasal mupirocin while systemic treatment is
being administered for the infection [147].
Responses. The majority of the faculty members (69%) and
ECCMID delegates (70%) agreed that topical decolonization
treatments should be included for patients being treated with
systemic antibiotics for MRSA infection (Table 6).
Conclusions. Attempts should be made with topical treat-
ments to decolonize patients being treated for MRSA infection,
in order to avoid re-infection, as not all antistaphylococcal
agents will lead to eradication of MRSA on the mucous mem-
branes, and to avoid further transmission from superficial body
surfaces to patients, staff, or the environment.
Treatment of bacteraemia
Question 24. For a confirmed MRSA bacteraemia, what is
your (a) first-line and (b) second-line treatment?
Background. The successful management of MRSA bactera-
emia depends on determining the extent of the infection and
on making appropriate decisions about the type and length of
therapy [148]. The antimicrobial agents available in Europe for
the treatment of complicated and uncomplicated MRSA bac-
teraemia are: vancomycin, teicoplanin, linezolid, tigecycline,
daptomycin, quinupristin–dalfopristin, co-trimoxazole, and
clindamycin. The usual treatment for MRSA bacteraemia is IV
vancomycin. This antibiotic is available only in IV form, and has
the potential for toxicity. Teicoplanin is available in both IV
and intramuscular formulations. The majority of new
compounds are available only in IV formulations (daptomycin,
tigecycline, and quinupristin–dalfopristin). The one exception
to this is linezolid, which is equally active in its IV and oral for-
mulations. Co-trimoxazole and clindamycin are also available
in IV and oral formulations, and have excellent bioavailability.
Responses. Vancomycin was the preferred first-line treat-
ment and linezolid the preferred second-line treatment for
bacteraemia due to confirmed MRSA infection (Fig. 14). Dap-
tomycin was selected as a first-line or second-line treatment
by some of the faculty members and ECCMID delegates. Tei-
coplanin, tigecycline, quinupristin–dalfopristin and glycopeptide
combination therapy were each selected as choices for first-
line or second-line treatment by a minority of participants.
Conclusions. Glycopeptides are currently the most favoured
first-line agents for treatment of MRSA bacteraemia, with lin-
ezolid and daptomycin as close second-line agents.
Treatment of pneumonia
Question 25. Should all patients with a clinical suspicion of
healthcare-associated pneumonia/hospital-acquired pneumo-
nia/ventilator-associated pneumonia (HCAP/HAP/VAP) be
treated with an antimicrobial agent active against MRSA?
Background. Failure to initiate prompt, appropriate and ade-
quate therapy (that is, the aetiological organism is sensitive
to the therapeutic agent, the dose is optimal, and the correct
route of administration is used) has been a crucial factor
consistently associated with increased mortality and morbid-
ity in patients with HCAP/HAP/VAP [50,61,149–152].
However, appropriate initial therapy should be achieved
without the overuse and abuse of antibiotics [50,56,57,153].
This requires that the choice be driven by anticipation of the
likely aetiological pathogens, modified by knowledge of local
patterns of antimicrobial resistance and local microbiology.
Having a current and frequently updated knowledge of local
bacteriological patterns at the ICU level, as well as at the
patient level, can increase the likelihood that appropriate ini-
tial antibiotic treatment will be prescribed [154–157]. Several
recent studies have documented that early-onset infection in
the ICU can be caused by MRSA, and that the concept of
early-onset and late-onset pathogens is no longer helpful for
the management of empirical antibiotic therapy in many ICUs
[158–161]. The time of onset of infection is only one of the
key variables associated with multiresistant pathogens
(a)
(b)
FIG. 14. For a confirmed MRSA bacteraemia, what is your (a) first-
line and (b) second-line treatment? (Question 24.) ECCMID, Euro-
pean Congress of Clinical Microbiology and Infectious Diseases;
MRSA, methicillin-resistant Staphylococcus aureus.
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[47,162–166]. Therefore, decision trees for selecting initial
therapy in patients with VAP should integrate not only the
timing of onset of infection but also other specific risk fac-
tors for multiresistant microorganisms, such as previous con-
tact with the healthcare system or recent prolonged
antibiotic therapy. At the present time, most experts recom-
mend that, in countries with a low or relatively low (<20%)
prevalence of MRSA, patients with early-onset infection and
no specific risk factors, such as MRSA nasal carriage, admis-
sion from a healthcare-related facility, or recent prolonged
antibiotic therapy, be treated with a narrow-spectrum drug
that is not active against MRSA [12,50,52,53,153].
Responses. In accordance with current expert opinion, the
majority of the faculty members and ECCMID delegates dis-
agreed with the statement that all patients with a clinical sus-
picion of HCAP/HAP/VAP should be treated with an
antimicrobial agent active against MRSA (Table 7).
Conclusions. As it is not considered appropriate to treat all
patients with a clinical suspicion of HCAP/HAP/VAP with an
antimicrobial agent active against MRSA, empirical treatment
should follow hospital antibiotic guidelines developed on the
basis of local epidemiology and susceptibility data.
Question 26. If the answer to the question above is no,
which patients with a clinical suspicion of HCAP/HAP/VAP
should be treated with an antimicrobial agent active against
MRSA? (Check all that apply.)
Background. Underlying diseases and specific risk factors
may predispose patients to infection with MRSA, as may
some intrinsic factors linked to each hospital or ICU
[47,50,159,162–167]. Therefore, selection of initial antimicro-
bial treatment needs to be tailored to each institution’s local
patterns of antimicrobial resistance [164,166,167]. Specific
risk factors for the development of MRSA VAP include
prior colonization or infection by MRSA [168–172], prior
prolonged antimicrobial treatment [164,166,173,174], prior
hospitalization in high-risk settings, such as nursing homes
with high (>20%) local MRSA prevalence [165], and late-
onset infection when ICU MRSA prevalence is high (>20%)
[166,175]. As compared with colonization with MSSA, MRSA
was associated with a four-fold to ten-fold increased risk of
infection, including pneumonia [168,170,171]. The type of
antibiotic exposure may also play a role, with a significant
association between total inpatient fluoroquinolone and/or
third-generation cephalosporin use and percentage of MRSA
isolated having been shown [173,174,176,177]. The presence
of more than two patients with nasal MRSA colonization in
the same ICU at the same time or breaches in infection con-
trol measures, such as non-compliance with hand hygiene
(disinfection and washing) and isolation precaution recom-
mendations, have also been linked to increased frequencies
of MRSA infections [178,179]. Although precise thresholds
have not been established, it seems prudent to prescribe an
agent effective against MRSA to patients who have presumed
severe staphylococcal infections in settings where the preva-
lence of MRSA is known to be >20%.
Responses. Participants who answered no to Question 25
were asked to consider which patients with a clinical sus-
picion of HCAP/HAP/VAP should be treated empirically
with an antimicrobial agent active against MRSA (Table 7).
The majority of the faculty members and ECCMID dele-
gates (53–75%) agreed that empirical antimicrobial therapy
against MRSA could be initiated for patients previously
identified as being colonized or infected by MRSA, patients
with prior hospitalization in high-risk settings, such as
nursing homes with high (>20%) local MRSA prevalence,
and patients with late-onset infection or prior antimicrobial
treatment when ICU MRSA prevalence is high (>20%).
Patients with MRSA present in the nasopharynx were also con-
sidered to be candidates for empirical anti-MRSA therapy by
61% of the ECCMID delegates. Of the ECCMID delegates, 18%
indicated that they would not empirically treat for MRSA infec-
tion in any of the patient groups listed above, but would wait
TABLE 7. Empirical treatment of healthcare-associated
pneumonia (HCAP)/hospital-acquired pneumonia (HAP)
and ventilator-associated pneumonia (VAP) (Questions 25
and 26)
Faculty
members,
n (%)
ECCMID
delegates,
n (%)
Should all patients with a clinical suspicion
of healthcare-associated pneumonia/hospital-
acquired pneumonia/ventilator-associated
pneumonia (HCAP/HAP/VAP) be treated
with an antimicrobial agent active against
MRSA?
N = 13 N = 251
Yes 4 (31) 42 (17)
No 9 (69) 209 (83)
If the answer to the question above is no,
which patients with a clinical suspicion of
HCAP/HAP/VAP should be treated with
an antimicrobial agent active against MRSA?
(Check all that apply)
N = 9 N = 215
Patients previously identified as being
colonized or infected by MRSA
2 (22) 161 (75)
Patients with prior hospitalization in high-
risk settings such as nursing homes with high
(>20%) local MRSA prevalence
0 114 (53)
Patients with late-onset infection and/or
prior antimicrobial treatment when ICU
MRSA prevalence is high (>20%)
1 (11) 125 (58)
ECCMID survey only: patients with MRSA
present in the nasopharynx
– 132 (61)
Faculty survey only: all of the above 6 (67) –
None of the above. Wait for culture results 0 38 (18)
ECCMID, European Congress of Clinical Microbiology and Infectious Diseases;
ICU, intensive-care unit; MRSA, methicillin-resistant Staphylococcus aureus.
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for positive culture results before prescribing an anti-MRSA
agent.
Conclusions. Patients with a clinical suspicion of HCAP/HAP/
VAP should be treated with an antimicrobial agent active
against MRSA if they are colonized with MRSA in the naso-
pharynx. In addition, the other risk factors listed above should
prompt strong consideration of treatment covering MRSA.
Question 27. When MRSA pneumonia (HCAP/HAP/VAP) is
confirmed, what do you regard as the most appropriate
treatment regimen?
Background. Current management guidelines recommend
glycopeptides as initial therapy for MRSA VAP
[12,50,52,53,153]. However, vancomycin success rates in
patients with MRSA pneumonia are low, not exceeding 65%
[48,180–182]. This may be due to the poor penetration of
vancomycin into the lung, in particular when conventional,
low-dose regimens of this drug are used [54,55]. In serial
quantitative cultures, only 15% of patients with MRSA VAP
treated with vancomycin demonstrated decreased colony
counts below diagnostic thresholds [183]. This failure to
clear the bacteria within the first several days of treatment
was associated with increased 28-day mortality [183]. Clinical
experience to date suggests that patients with high serum
vancomycin area under the curve divided by MIC have better
outcomes than those with lower area under the curve/MIC
[184,185]. However, vancomycin given at the dosages neces-
sary to achieve such levels may be associated with renal dys-
function, especially when given concomitantly with other
nephrotoxic drugs [186,187].
Linezolid is an alternative to vancomycin for the treatment
of MRSA VAP, and may be preferred on the basis of its bet-
ter pulmonary penetration [49,182,188–193]. Combination
of data from a subset analysis of two prospective randomized
trials comparing linezolid with vancomycin for the treatment
of suspected Gram-positive nosocomial pneumonia to evalu-
ate the subset of patients with MRSA pneumonia revealed
significantly higher clinical cure rates with linezolid than with
vancomycin (59% vs. 35%) [189,193]. Logistic regression
analysis of MRSA VAP specifically confirmed that linezolid
treatment remained a significant predictor of clinical cure.
This analysis, however, was criticized on methodological
grounds, because of a non-prespecified subgroup analysis,
the heterogeneity of results in the separate studies, and the
small numbers of patients infected with MRSA. Linezolid was
equivalent to vancomycin and teicoplanin for a variety of
other MRSA infections in randomized, open-label trials
[191,194,195]. On the basis of this, linezolid may be pre-
ferred for the treatment of MRSA pneumonia if patients have
renal insufficiency or are receiving other nephrotoxic agents,
or when infection is caused by a strain with a vancomycin
MIC ‡1.5 lg/mL [50,196].
Patients with recurrent MRSA infection or with a history
of extended vancomycin exposure should be considered to
be at high risk of infection with MRSA strains for which
vancomycin MICs are elevated. Appropriate and aggressive
empirical therapy is required for these patients, and this can
justify a preference for linezolid [197]. Quinupristin–dalfopri-
stin demonstrated overall lack of efficacy as compared with
vancomycin in two studies, thus limiting its use for MRSA
infections [181,198]. Similarly, daptomycin was found to be
inferior to a cephalosporin for community-acquired pneumo-
nia [199]. In addition to poor penetration into lung tissue,
because of its large molecular size, in vitro data suggest that
daptomycin is inactivated by surfactant, making it an inappro-
priate choice for MRSA pneumonia [200–202]. Tigecycline is
approved for complicated skin and intra-abdominal infec-
tions, including those caused by MRSA [203,204]. In vitro data
suggest activity for MRSA, but data for clinical efficacy are
lacking.
Responses. Linezolid was considered to be the most appro-
priate regimen for treatment of HCAP/HAP/VAP due to
confirmed MRSA by 69% of the faculty members and 46% of
the ECCMID delegates (Fig. 15). Vancomycin was considered
to be the most appropriate regimen by 31% of the faculty
members and 45% of the ECCMID delegates.
Conclusions. Linezolid and vancomycin were considered to
be the most appropriate agents for treatment of HCAP/
HAP/VAP due to confirmed MRSA.
Treatment of patients infected by MRSA strains with reduced
vancomycin susceptibility
Question 28. Do you use the glycopeptide minimum inhibi-
tory concentration (MIC) routinely to guide your choice of
treatment?
Background. There appears to have been a slow shift (‘MIC
creep’) in vancomycin MICs in a number of centres
[133,205,206]. Much of this MIC creep has been within the
MIC ranges generally regarded as indicating susceptibility, but
there is increasing concern that rising vancomycin MICs are
associated with a poorer prognosis. Infections caused by
strains with higher vancomycin MICs are more likely to fail
to respond to vancomycin treatment [207], with a failure
rate of 48% at an MIC of 0.5 mg/L, as compared with a fail-
ure rate of 92% at an MIC of 2 mg/L.
Heterogeneous populations of S. aureus with an overall
susceptibility to vancomycin (heterogeneous vancomycin-
intermediate S. aureus (hVISA)); MIC <2 mg/L) but with non-
susceptible subpopulations are probably precursors of
S. aureus strains with intermediate vancomycin resistance
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(vancomycin-intermediate S. aureus (VISA)) [208,209]. True
vancomycin resistance remains rare, but is difficult to detect,
and could become more widespread [210,211]. Therefore,
measuring the vancomycin/glycopeptide MIC of S. aureus
causing serious infection is important, as it may influence
outcome in individual cases, and it is important to monitor
temporal trends in MIC.
Responses. Approximately half of the ECCMID delegates
and 85% of the faculty members indicated that they routinely
use glycopeptide MIC levels to guide their choice of treat-
ment for serious MRSA infections (Fig. 16).
Conclusions. Strains of MRSA causing serious infection
should have a vancomycin/glycopeptide MIC measured to
guide the choice of treatment.
Question 29. At which vancomycin MIC level for MRSA (by
Etest) would you replace vancomycin with an alternative antibi-
otic?
Background. For decades, glycopeptides have been the refer-
ence standard therapy for MRSA infections. With MIC creep,
VISA, hVISA and vancomycin-resistant S. aureus, the measure-
ment of vancomycin MIC in strains causing serious infection is
important. Where the vancomycin MIC is >1 mg/L, alternative
antibiotics should be sought [212].
It should be noted, however, that interpretation of vanco-
mycin MICs is dependent on the laboratory method used to
detect resistance. Many laboratories commonly use the stan-
dard Etest or MIC broth dilution, to which values reported in
this article refer. However, it is generally believed that VISA
strains can best be detected by the Etest macro method
[213]. The Etest macro method uses a higher inoculum
(2.0 mg/mL McFarland), richer agar medium (brain–heart
infusion) and a longer incubation time (48 h) than the
standard Etest method, and vancomycin and teicoplanin
values ‡8 mg/L are indicative of reduced susceptibility to gly-
copeptides.
Responses. There was a lack of consensus between the
faculty members and ECCMID delegates regarding the MRSA
MIC level at which to replace vancomycin with an alternative
antibiotic; however, the majority chose either 1.5 or 2.0 mg/L
as the cut-off point (Fig. 17). Interestingly, an additional 18%
of ECCMID delegates indicated that they would use an alter-
native antibiotic for the treatment of MRSA infection in
patients infected by strains with an MIC level of 1.0 mg/L.
Conclusions. At a vancomycin MIC of ‡1.5 mg/L as deter-
mined by Etest, alternative therapy should be considered.
Question 30. What do you regard as the most appropriate
anti-MRSA agent for the treatment of serious MRSA infec-
tion in patients infected by strains with reduced vancomycin
susceptibility?
Background. A severe infection potentially caused by MRSA,
particularly in epidemiological conditions in which the MRSA
vancomycin MIC is frequently >1.5 mg/L, should not be
empirically treated with vancomycin if alternatives such as
linezolid or daptomycin are available [14]. Linezolid is the
drug of choice for the treatment of MRSA pneumonia and
MRSA infections of the central nervous system
[79,182,189,214–219]. Both daptomycin and linezolid are
probably equivalent alternatives for the treatment of compli-
cated SSTIs caused by MRSA [194,220–226]. Daptomycin is
the drug of choice for the treatment of primary bacteraemia
FIG. 15.When MRSA pneumonia (HCAP/HAP/VAP) is confirmed,
what do you regard as the most appropriate treatment regimen?
(Question 27.) ECCMID, European Congress of Clinical Microbiol-
ogy and Infectious Diseases; HAP, hospital-acquired pneumonia;
HCAP, healthcare-associated pneumonia; MRSA, methicillin-resistant
Staphylococcus aureus; VAP, ventilator-associated pneumonia.
FIG. 16. Do you use the glycopeptide minimum inhibitory concen-
tration (MIC) routinely to guide your choice of treatment? (Ques-
tion 28.) ECCMID, European Congress of Clinical Microbiology and
Infectious Diseases.
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or bacteraemia originating in a catheter infection and in
endocarditis [94]. Tigecycline can be used for the treatment
of polymicrobial intra-abdominal infections when MRSA is
among the causative microorganisms [203].
Responses. Linezolid was selected by 61% of faculty mem-
bers and ECCMID delegates as the most appropriate choice
for the treatment of serious MRSA infections in patients
infected by strains with reduced susceptibility to vancomycin
(Fig. 18). Daptomycin was selected by 23% of the faculty
members and ECCMID delegates, whereas a smaller percent-
age (<15%) preferred either tigecycline, teicoplanin, or
another antibiotic.
Conclusions. The choice of anti-MRSA agent depends on
the infection in question but, in general, linezolid or dapto-
mycin is the most appropriate agent for the treatment of
MRSA infection in patients infected by strains with reduced
vancomycin susceptibility.
Summary
The results of this large ECCMID survey add further weight
to our understanding of the opinions and practical experi-
ence of European clinicians in the management of MRSA
infections. This has been an important survey for the review
of areas of practice for which there is little clinical evidence,
guidance of further research, and support of management
guidelines. The epidemiology of MRSA infection varies across
Europe and is continually evolving. In many areas, HA-MRSA
infection is decreasing, but it is still common. Inevitably,
there are differences in opinion and practice across such a
wide geographical area with varied epidemiology; neverthe-
less, some common themes are apparent.
For the control of HCA-MRSA infection, common issues
were that MRSA colonization of the individual patient or
associated patients was a major risk factor for infection, and
the most common infections arose from intravascular lines
or soft tissue/surgical infection. There are therefore two
main areas of intervention that, if implemented across Eur-
ope, would probably help to reduce HCA-MRSA infection
further. These are, first, improved care of intravascular lines
and their timely removal and, second, screening surgical
patients—and possibly all hospitalized patients—for MRSA
and, if positive, decolonization.
The survey identified a broad range of opinions regarding
the empirical treatment of MRSA infections. A significant
proportion of respondents would have given systemic anti-
biotics in clinical situations where MRSA was a colonizer
rather than an infecting pathogen—such as in colonized
catheter urine, respiratory secretions, or superficial skin
ulcers. In principle, this should be discouraged in favour of
establishing a policy requiring clear clinical evidence of
infection before systemic antibiotics are administered. In
relation to this, the survey found that a small number of
respondents were prepared to use systemic antibiotics to
clear carriage in special clinical cases; however, again, this
practice should be discouraged. Most respondents considered
previous colonization with MRSA to be the major risk factor
for MRSA infection, thus again pointing towards screening
and decolonization as a means of reducing infection.
There was consensus of opinion on some key aspects of
the management of infections due to MRSA, including pre-
ferred antibacterial treatments for MRSA pneumonia and
FIG. 17. At which vancomycin MIC level for MRSA (by Etest) would
you replace vancomycin with an alternative antibiotic? (Question 29.)
ECCMID, European Congress of Clinical Microbiology and Infectious
Diseases; MRSA, methicillin-resistant Staphylococcus aureus.
FIG. 18.What do you regard as the most appropriate anti-MRSA
agent for the treatment of serious MRSA infection in patients
infected by strains with reduced vancomycin susceptibility? (Ques-
tion 30.) ECCMID, European Congress of Clinical Microbiology and
Infectious Diseases; MRSA, methicillin-resistant Staphylococcus aureus.
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MRSA bacteraemia. Although glycopeptides remain the drugs
of choice for most serious MRSA infections, the responses in
this survey—along with consensus statements, evidence-
based reviews, and guidelines—all reflect emerging concerns
about the effectiveness of glycopeptide use in treating seri-
ous MRSA infections, and the importance of identifying
where alternative therapies should be considered [5,8,16].
To optimize therapy, therapeutic drug monitoring of glyco-
peptides is recommended for all patients. However, the fre-
quency of sampling and the need for dose adjustments varies
between patient groups. If there are no underlying diseases
and treatment is relatively short, one trough sample may suf-
fice to improve efficacy [227]. Favoured alternative treat-
ments were reported as linezolid and daptomycin, with the
former being favoured for pneumonia and the latter being
marginally favoured for bacteraemia. Various combination
therapies were widely used; as evidence is often lacking, this
is an area for further research.
There was also a broad awareness of glycopeptide MIC
creep, with a range of views as to which vancomycin MIC
level as determined by Etest was the cut-off for switching to
alternative therapy. An MIC level of ‡1.5 mg/L was the
favoured cut-off for considering alternative treatment.
Oral treatments and early oral switch for many MRSA
infections were perceived as appropriate clinical practice. A
wide range of oral agents was recorded by respondents,
probably reflecting differences in antibiotic susceptibility
across Europe. Linezolid and co-trimoxazole were the most
favoured, but many respondents used combinations of doxy-
cycline, rifampicin, fusidic acid and macrolides, clindamycin
and fluoroquinolones as guided by susceptibility. This is
another important area for further research, particularly in
establishing the efficacy and safety of older oral agents for
treating MRSA infections. These are often used in the
absence of a firm base of evidence, and often in the place of
newer agents, on economic grounds.
OPAT is another area with a need for further consensus
and guidance. The majority of respondents are unfamiliar
with its use or do not use it, preferring oral switch. The pre-
dominant clinical indications for its use appear to be bone
and joint infection and complicated soft tissue infection.
There was surprising variation among the ECCMID dele-
gates, but not among the faculty members, on the duration
of therapy for the serious MRSA infections of bacteraemia
and pneumonia. The consensus is that 10 days of treatment
is a minimum for both, with 14 days being preferred.
This survey has been complex to implement and interpret,
and has several limitations, particularly with regard to the
fact that the epidemiology of MRSA infection is so varied
across Europe. The targeted survey population comprised
registered delegates to a large European congress on
infectious diseases and, owing to the limited sampling frame,
potentially knowledgeable individuals may have been
excluded. Although response bias is inherent in any survey,
the ECCMID survey achieved a response rate of 13%, which
is similar to that of other Internet-based surveys [8]. Despite
this, it represents the largest European survey of its kind.
This survey has been successful in identifying areas where
practice can be improved, where urgent research is needed,
and where pan-European consensus of opinion, although
imperfect, could be applied to European guidelines for the
management of MRSA infection.
Acknowledgements
The Chair (M. Dryden) and authors thank the delegates of
ECCMID for their response to the survey, and M. Souli for
her contribution to the manuscript.
Part of this research was presented at a Pfizer-sponsored
symposium ‘Managing MRSA Infection in Europe—Opinions
and Practice: An Interactive Workshop,’ at the 19th Euro-
pean Congress of Clinical Microbiology and Infectious Dis-
eases (ECCMID), Helsinki, Finland, 2009.
Editorial support for the supplement was provided by J.
Turner at PAREXEL and was funded by Pfizer International
Operations.
Transparency Declaration
The faculty members received an honorarium from Pfizer
International Operations for participation in the MRSA
Workshops.
M. Dryden is General Secretary of the British Society of
Antimicrobial Chemotherapy. He has been an investigator in
clinical trials involving many of the antibiotics mentioned in
this article. He has been on advisory boards and received
speaker honoraria from Pfizer, Wyeth, Novartis, Bayer, and
Johnson & Johnson. A. T. Andrasevic has been an investiga-
tor in clinical trials involving many of the antibiotics men-
tioned in this article. She has received speaker honoria from
MSD, Pfizer, Pliva, and Antiseptica. M. Bassetti has received
speaker honoraria from Pfizer, Novartis, Sanofi-Aventis,
GSK, Wyeth, MSD, Bayer, and Astellas. E. Bouza has
received consulting and/or speaker honoraria from Pfizer,
Novartis, Janssen, Baxter, McDonalds, Astellas, Wyeth Led-
erle, Optimer, and Gilead. He has received research support
from Pfizer, Novartis, and Schering-Plough. J. Chastre has
received consulting and speaker honoraria from Pfizer,
CMI Dryden et al. Antibiotic management of MRSA: a European survey 23
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
Novartis, GSK, Wyeth, and Sanofi-Aventis. Brahms, Wyeth,
Johnson & Johnson, Nektar-Bayer, and Arpida. G. Cornaglia
has received speaker honoraria from Merck, Novartis, GSK,
Pfizer, and Wyeth. S. Esposito has received consulting hono-
raria from Pfizer, Novartis, GSK, Wyeth, and Sanofi-Aventis.
G. French has received speaker honoraria from Pfizer, Wy-
eth, GSK, Baxter, Destiny Pharma, Astellas, and Novartis. H.
Giamarellou has received consulting honoraria from Pfizer,
GSK, Wyeth, Novartis, Sanofi-Aventis, Merck, and Bayer.
She has received research support from Pfizer, GSK, Wyeth,
Novartis, Sanofi-Aventis, and Merck. I. C. Gyssens is on the
board and guideline committee of the Dutch Working Party
on Antibiotic Policy (SWAB) and Chair of the ESCMID Study
Group for Antibiotic Policies (ESGAP). She is a consultant
for the European Centre for Disease Prevention and Control
(ECDC). Recent and relevant commercial relationships are:
investigator in a clinical trial on moxifloxacin and research
grant recipient from Bayer Healthcare; research grant recipi-
ent from Gilead/UCB Pharma, Merck Sharp & Dohme BV,
and Bristol-Myers Squibb BV, The Netherlands; and scientific
advisor receiving consulting honorarium from Pfizer and
Wyeth. D. Nathwani has received honoraria for speaking at
symposia and advisory boards organized by Wyeth, Johnson
& Johnson, Novartis, Astellas, and Pfizer. He has received
research support from Bayer and Pfizer. S. Unal has received
consulting and/or speaker honoraria from Bayer, Pfizer and
Wyeth. He has received research support from Novartis. A.
Voss has received consulting and/or speaker honoraria from
Pfizer, GSK, JohnsonDiversey, Cardinal Health, and Bio-
Merieux.
References
1. Boucher HW, Corey GR. Epidemiology of methicillin-resistant
Staphylococcus aureus. Clin Infect Dis 2008; 46 (suppl 5): S344–
S349.
2. Dryden MS. Skin and soft tissue infection: microbiology and epide-
miology. Int J Antimicrob Agents 2009; 34 (suppl 1): S2–S7.
3. European Antimicrobial Resistance Surveillance System. EARSS annual
report 2007. Available at: http://www.rivm.nl/earss/Images/EAR
SS%202007_FINAL_tcm61-55933.pdf (Accessed October 1, 2009).
4. Navarro MB, Huttner B, Harbarth S. Methicillin-resistant Staphylo-
coccus aureus control in the 21st century: beyond the acute care
hospital. Curr Opin Infect Dis 2008; 21: 372–379.
5. Garau J, Bouza E, Chastre J, Gudiol F, Harbarth S. Management of
methicillin-resistant Staphylococcus aureus infections. Clin Microbiol
Infect 2009; 15: 125–136.
6. Stevens DL, Bisno AL, Chambers HF et al. Practice guidelines for
the diagnosis and management of skin and soft-tissue infections. Clin
Infect Dis 2005; 41: 1373–1406.
7. Centers for Disease Control and Prevention. Outpatient manage-
ment of skin and soft tissue infections in the era of community-
associated MRSA. September 2007. Available at: http://www.cdc.gov/
mrsa/mrsa_initiative/skin_infection/mrsa_algorithm.html (Accessed
October 1, 2009).
8. Kollef MH, Napolitano LM, Solomkin JS et al. Health care-associated
infection (HAI): a critical appraisal of the emerging threat—proceed-
ings of the HAI Summit. Clin Infect Dis 2008; 47 (suppl 2): S55–S99.
9. Kollef MH, Morrow LE, Baughman RP et al. Health care-associated
pneumonia (HCAP): a critical appraisal to improve identification,
management, and outcomes—proceedings of the HCAP Summit.
Clin Infect Dis 2008; 46 (suppl 4): S296–S334.
10. Simor AE, Loeb M. The management of infection and colonization
due to methicillin-resistant Staphylococcus aureus: a CIDS/CAMM
position paper. Can J Infect Dis 2004; 15: 39–48.
11. Gould FK, Brindle R, Chadwick PR et al. Guidelines (2008) for the
prophylaxis and treatment of methicillin-resistant Staphylococcus
aureus (MRSA) infections in the United Kingdom. J Antimicrob Che-
mother 2009; 63: 849–861.
12. Masterton RG, Galloway A, French G et al. Guidelines for the man-
agement of hospital-acquired pneumonia in the UK: report of the
working party on hospital-acquired pneumonia of the British Society
for Antimicrobial Chemotherapy. J Antimicrob Chemother 2008; 62:
5–34.
13. Nathwani D, Morgan M, Masterton RG et al. Guidelines for UK
practice for the diagnosis and management of methicillin-resistant
Staphylococcus aureus (MRSA) infections presenting in the commu-
nity. J Antimicrob Chemother 2008; 61: 976–994.
14. Mensa J, Barberan J, Llinares P et al. Guidelines for the treatment
on infections caused by methicillin-resistant Staphylococcus aureus [in
Spanish]. Rev Esp Quimioter 2008; 21: 234–258.
15. Kalenic S, Pal MP, Palcevski VV et al. Guidelines for prevention, con-
trol and treatment of infections caused by methicillin-resistant
Staphylococcus aureus (MRSA) [Croatian]. Lijec Vjesn 2008; 130 (suppl
1): 7–32.
16. Cauda R, Garau J. New insights concerning methicillin-resistant
Staphylococcus aureus disease. Clin Microbiol Infect 2009; 15: 109–111.
17. Cercenado E, Ruiz DG. Community-acquired methicillin-resistant
Staphylococcus aureus [Spanish]. Enferm Infecc Microbiol Clin 2008; 26
(suppl 13): 19–24.
18. Stefani S, Varaldo PE. Epidemiology of methicillin-resistant staphylo-
cocci in Europe. Clin Microbiol Infect 2003; 9: 1179–1186.
19. Eykyn SJ. Staphylococci. In: Warrell DA, Cox TM, Firth JD, eds.
Oxford textbook of medicine. New York, NY: Oxford University
Press, 2005; 470–478.
20. Hidron AI, Low CE, Honig EG, Blumberg HM. Emergence of com-
munity-acquired meticillin-resistant Staphylococcus aureus strain
USA300 as a cause of necrotising community-onset pneumonia. Lan-
cet Infect Dis 2009; 9: 384–392.
21. Cafferkey MT, Hone R, Keane CT. Sources and outcome for methi-
cillin-resistant Staphylococcus aureus bacteraemia. J Hosp Infect 1988;
11: 136–143.
22. Pearson A, Murray M, Jones A, Painter M, Charlett A, Jackson C.
Community-onset MRSA bacteraemia: characteristics of patients
presenting to hospital. Int J Antimicrob Agents 2007; 29: S26.
23. Gopal RG, Michalczyk P, Nayeem N, Walker G, Wigmore L. Preva-
lence and risk factors for meticillin-resistant Staphylococcus aureus in
adult emergency admissions—a case for screening all patients? J
Hosp Infect 2007; 66: 15–21.
24. Robicsek A, Beaumont JL, Paule SM et al. Universal surveillance for
methicillin-resistant Staphylococcus aureus in 3 affiliated hospitals. Ann
Intern Med 2008; 148: 409–418.
25. Lodise TP, McKinnon PS, Swiderski L, Rybak MJ. Outcomes analysis
of delayed antibiotic treatment for hospital-acquired Staphylococcus
aureus bacteremia. Clin Infect Dis 2003; 36: 1418–1423.
26. Addo-Yobo E, Chisaka N, Hassan M et al. Oral amoxicillin versus
injectable penicillin for severe pneumonia in children aged 3 to
24 Clinical Microbiology and Infection, Volume 16, Supplement 1, March 2010 CMI
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
59 months: a randomised multicentre equivalency study. Lancet
2004; 364: 1141–1148.
27. Schmitt SK. Oral therapy for pneumonia: Who, When, and With
What? JCOM 1999; 6: 48–51.
28. Sharpe JN, Shively EH, Polk HC Jr. Clinical and economic outcomes
of oral linezolid versus intravenous vancomycin in the treatment of
MRSA—complicated, lower-extremity skin and soft-tissue infections
caused by methicillin-resistant Staphylococcus aureus. Am J Surg 2005;
189: 425–428.
29. Kaka AS, Rueda AM, Shelburne SA III, Hulten K, Hamill RJ, Musher
DM. Bactericidal activity of orally available agents against methicillin-
resistant Staphylococcus aureus. J Antimicrob Chemother 2006; 58:
680–683.
30. Zervos M. Treatment options for uncomplicated community-
acquired skin and soft tissue infections caused by methicillin-resis-
tant Staphylococcus aureus: oral antimicrobial agents. Surg Infect
(Larchmt) 2008; 9 (suppl 1): s29–s34.
31. Drew RH. Emerging options for treatment of invasive, multidrug-
resistant Staphylococcus aureus infections. Pharmacotherapy 2007; 27:
227–249.
32. Gemmell CG, Edwards DI, Fraise AP, Gould FK, Ridgway GL, War-
ren RE. Guidelines for the prophylaxis and treatment of methicillin-
resistant Staphylococcus aureus (MRSA) infections in the UK. J Anti-
microb Chemother 2006; 57: 589–608.
33. Cunha BA. Methicillin-resistant Staphylococcus aureus: clinical mani-
festations and antimicrobial therapy. Clin Microbiol Infect 2005; 11
(suppl 4): 33–42.
34. Markowitz N, Quinn EL, Saravolatz LD. Trimethoprim–sulfamethox-
azole compared with vancomycin for the treatment of Staphylococ-
cus aureus infection. Ann Intern Med 1992; 117: 390–398.
35. Laing RB, MacKenzie AR, Shaw H, Gould IM, Douglas JG. The effect of
intravenous-to-oral switch guidelines on the use of parenteral antimi-
crobials in medical wards. J Antimicrob Chemother 1998; 42: 107–111.
36. McLaughlin CM, Bodasing N, Boyter AC, Fenelon C, Fox JG, Seaton
RA. Pharmacy-implemented guidelines on switching from intravenous
to oral antibiotics: an intervention study. Q J Med 2005; 98: 745–752.
37. Davey P, Nathwani D. Sequential antibiotic therapy: the right
patient, the right time and the right outcome. J Infect 1998; 37 (sup-
pl 1): 37–44.
38. Vouloumanou EK, Rafailidis PI, Kazantzi MS, Athanasiou S, Falagas
ME. Early switch to oral versus intravenous antimicrobial treatment
for hospitalized patients with acute pyelonephritis: a systematic
review of randomized controlled trials. Curr Med Res Opin 2008; 24:
3423–3434.
39. Desai M, Franklin BD, Holmes AH et al. A new approach to treatment
of resistant gram-positive infections: potential impact of targeted IV
to oral switch on length of stay. BMC Infect Dis 2006; 6: 94–99.
40. Malanoski GJ, Samore MH, Pefanis A, Karchmer AW. Staphylococcus
aureus catheter-associated bacteremia. Minimal effective therapy and
unusual infectious complications associated with arterial sheath cath-
eters. Arch Intern Med 1995; 155: 1161–1166.
41. Raad II, Sabbagh MF. Optimal duration of therapy for catheter-
related Staphylococcus aureus bacteremia: a study of 55 cases and
review. Clin Infect Dis 1992; 14: 75–82.
42. Jernigan JA, Farr BM. Short-course therapy of catheter-related
Staphylococcus aureus bacteremia: a meta-analysis. Ann Intern Med
1993; 119: 304–311.
43. Jensen AG, Wachmann CH, Espersen F, Scheibel J, Skinhoj P, Fri-
modt-Moller N. Treatment and outcome of Staphylococcus aureus
bacteremia: a prospective study of 278 cases. Arch Intern Med 2002;
162: 25–32.
44. Chastre J, Wolff M, Fagon JY et al. Comparison of 8 vs. 15 days of
antibiotic therapy for ventilator-associated pneumonia in adults: a
randomized trial. JAMA 2003; 290: 2588–2598.
45. Combes A, Figliolini C, Trouillet JL et al. Factors predicting ventila-
tor-associated pneumonia recurrence. Crit Care Med 2003; 31:
1102–1107.
46. Combes A, Luyt CE, Fagon JY, Wolff M, Trouillet JL, Chastre J.
Early predictors for infection recurrence and death in patients
with ventilator-associated pneumonia. Crit Care Med 2007; 35: 146–
154.
47. Rello J, Torres A, Ricart M et al. Ventilator-associated pneumonia
by Staphylococcus aureus. Comparison of methicillin-resistant and
methicillin-sensitive episodes. Am J Respir Crit Care Med 1994; 150:
1545–1549.
48. Rello J, Sole-Violan J, Sa-Borges M et al. Pneumonia caused by oxa-
cillin-resistant Staphylococcus aureus treated with glycopeptides. Crit
Care Med 2005; 33: 1983–1987.
49. Wunderink RG, Mendelson MH, Somero MS et al. Early microbio-
logical response to linezolid vs. vancomycin in ventilator-associated
pneumonia due to methicillin-resistant Staphylococcus aureus. Chest
2008; 134: 1200–1207.
50. American Thoracic Society. Guidelines for the management of
adults with hospital-acquired, ventilator-associated, and healthcare-
associated pneumonia. Am J Respir Crit Care Med 2005; 171: 388–
416.
51. Jorda MR, Torres MA, Ariza Cardenal FJ, Alvarez LF, Barcenilla GF.
Recommendations for the treatment of severe in-hospital pneumo-
nia. Spanish Society of Critical, Coronary, and Intensive Medicine.
Spanish Society for Respiratory Tract Pathology. Spanish Society of
Infectious Diseases and Clinical Microbiology [Spanish]. Enferm Infecc
Microbiol Clin 2004; 22: 471–485.
52. Muscedere J, Dodek P, Keenan S, Fowler R, Cook D, Heyland D.
Comprehensive evidence-based clinical practice guidelines for venti-
lator-associated pneumonia: diagnosis and treatment. J Crit Care
2008; 23: 138–147.
53. Torres A, Ewig S, Lode H, Carlet J. Defining, treating and prevent-
ing hospital acquired pneumonia: European perspective. Intensive
Care Med 2009; 35: 9–29.
54. Cruciani M, Gatti G, Lazzarini L et al. Penetration of vancomycin
into human lung tissue. J Antimicrob Chemother 1996; 38: 865–869.
55. Lamer C, de Beco V, Soler P et al. Analysis of vancomycin entry
into pulmonary lining fluid by bronchoalveolar lavage in critically ill
patients. Antimicrob Agents Chemother 1993; 37: 281–286.
56. Dellit TH, Chan JD, Skerrett SJ, Nathens AB. Development of a guide-
line for the management of ventilator-associated pneumonia based on
local microbiologic findings and impact of the guideline on antimicro-
bial use practices. Infect Control Hosp Epidemiol 2008; 29: 525–533.
57. Goldmann DA, Weinstein RA, Wenzel RP et al. Strategies to pre-
vent and control the emergence and spread of antimicrobial-resis-
tant microorganisms in hospitals. A challenge to hospital leadership.
JAMA 1996; 275: 234–240.
58. Micek ST, Ward S, Fraser VJ, Kollef MH. A randomized controlled
trial of an antibiotic discontinuation policy for clinically suspected
ventilator-associated pneumonia. Chest 2004; 125: 1791–1799.
59. Luna CM, Blanzaco D, Niederman MS et al. Resolution of ventila-
tor-associated pneumonia: prospective evaluation of the clinical pul-
monary infection score as an early clinical predictor of outcome.
Crit Care Med 2003; 31: 676–682.
60. Luyt CE, Guerin V, Combes A et al. Procalcitonin kinetics as a prog-
nostic marker of ventilator-associated pneumonia. Am J Respir Crit
Care Med 2005; 171: 48–53.
61. Vidaur L, Planas K, Sierra R et al. Ventilator-associated pneumonia:
impact of organisms on clinical resolution and medical resources
utilization. Chest 2008; 133: 625–632.
62. Avorn J, Solomon DH. Cultural and economic factors that (mis)-
shape antibiotic use: the nonpharmacologic basis of therapeutics.
Ann Intern Med 2000; 133: 128–135.
CMI Dryden et al. Antibiotic management of MRSA: a European survey 25
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
63. Sintchenko V, Coiera E, Gilbert GL. Decision support systems for
antibiotic prescribing. Curr Opin Infect Dis 2008; 21: 573–579.
64. Leibovici L, Paul M, Nielsen AD, Tacconelli E, Andreassen S. The
TREAT project: decision support and prediction using causal probabi-
listic networks. Int J Antimicrob Agents 2007; 30 (suppl 1): S93–S102.
65. Samore MH, Bateman K, Alder SC et al. Clinical decision support
and appropriateness of antimicrobial prescribing: a randomized trial.
JAMA 2005; 294: 2305–2314.
66. Loeb M, Bentley DW, Bradley S et al. Development of minimum cri-
teria for the initiation of antibiotics in residents of long-term-care
facilities: results of a consensus conference. Infect Control Hosp Epi-
demiol 2001; 22: 120–124.
67. Gorelick MH, Shaw KN. Clinical decision rule to identify febrile
young girls at risk for urinary tract infection. Arch Pediatr Adolesc
Med 2000; 154: 386–390.
68. Barlow G, Nathwani D. Is antibiotic resistance a problem? A practi-
cal guide for hospital clinicians Postgrad Med J 2005; 81: 680–692.
69. Nathwani D. Antimicrobial prescribing policy and practice in Scot-
land: recommendations for good antimicrobial practice in acute hos-
pitals. J Antimicrob Chemother 2006; 57: 1189–1196.
70. Naber CK, Baddour LM, Giamarellos-Bourboulis EJ et al. Clinical
consensus conference: survey on Gram-positive bloodstream infec-
tions with a focus on Staphylococcus aureus. Clin Infect Dis 2009; 48
(suppl 4): S260–S270.
71. Scottish Medicines Consortium. Providing advice about the status of
all newly licensed medicines. Available at: http://www.scottishmedi-
cines.org.uk/smc/CCC_FirstPage.jsp (last accessed 30 September
2009).
72. Galani C, Rutten FF. Self-reported healthcare decision-makers’ atti-
tudes towards economic evaluations of medical technologies. Curr
Med Res Opin 2008; 24: 3049–3058.
73. Nathwani D. Impact of methicillin-resistant Staphylococcus aureus
infections on key health economic outcomes: does reducing the
length of hospital stay matter? J Antimicrob Chemother 2003; 51(suppl
2): ii37–ii44.
74. Yaldo AZ, Sullivan JL, Li Z. Factors influencing physicians’
decision to discharge hospitalized patients infected with methicillin-
resistant Staphylococcus aureus. Am J Health Syst Pharm 2001; 58:
1756–1759.
75. Nathwani D, Malek M. Cost considerations in the evaluation of new
therapies for gram-positive bacteria. Int J Antimicrob Agents 1999; 13:
71–78.
76. McGowan JE Jr. Economic impact of antimicrobial resistance. Emerg
Infect Dis 2001; 7: 286–292.
77. Grau S, Rubio-Terres C. Pharmacoeconomics of linezolid. Expert
Opin Pharmacother 2008; 9: 987–1000.
78. Stone PW, Braccia D, Larson E. Systematic review of economic
analyses of health care-associated infections. Am J Infect Control
2005; 33: 501–509.
79. Shorr AF, Susla GM, Kollef MH. Linezolid for treatment of ventila-
tor-associated pneumonia: a cost-effective alternative to vancomy-
cin. Crit Care Med 2004; 32: 137–143.
80. Tice AD, Rehm SJ, Dalovisio JR et al. Practice guidelines for outpa-
tient parenteral antimicrobial therapy. IDSA guidelines. Clin Infect Dis
2004; 38: 1651–1672.
81. Nathwani D, Zambrowski JJ. Advisory group on Home-based and
Outpatient Care (AdHOC): an international consensus statement
on non-inpatient parenteral therapy. Clin Microbiol Infect 2000; 6:
464–476.
82. Chary A, Tice AD, Martinelli LP, Liedtke LA, Plantenga MS,
Strausbaugh LJ. Experience of infectious diseases consultants with
outpatient parenteral antimicrobial therapy: results of an emerging
infections network survey. Clin Infect Dis 2006; 43: 1290–1295.
83. Matthews PC, Conlon CP, Berendt AR et al. Outpatient parenteral
antimicrobial therapy (OPAT): is it safe for selected patients to self-
administer at home? A retrospective analysis of a large cohort over
13 years. J Antimicrob Chemother 2007; 60: 356–362.
84. Nathwani D. Developments in outpatient parenteral antimicrobial
therapy (OPAT) for Gram-positive infections in Europe, and the
potential impact of daptomycin. J Antimicrob Chemother 2009; 64:
447–453.
85. Seaton RA, Nathwani D. Outpatient and home parenteral antibiotic
therapy (OHPAT) in the UK: survey of infection specialists’ experi-
ence and views. Clin Microbiol Infect 2000; 6: 387–390.
86. Kollef MH. Inadequate antimicrobial treatment: an important deter-
minant of outcome for hospitalized patients. Clin Infect Dis 2000; 31
(suppl 4): S131–S138.
87. Bonhoeffer S, Lipsitch M, Levin BR. Evaluating treatment protocols
to prevent antibiotic resistance. Proc Natl Acad Sci USA 1997; 94:
12106–12111.
88. Rose WE, Poppens PT. Impact of biofilm on the in vitro activity of
vancomycin alone and in combination with tigecycline and rifampicin
against Staphylococcus aureus. J Antimicrob Chemother 2009; 63: 485–488.
89. Watanakunakorn C, Tisone JC. Synergism between vancomycin and
gentamicin or tobramycin for methicillin-susceptible and methicillin-
resistant Staphylococcus aureus strains. Antimicrob Agents Chemother
1982; 22: 903–905.
90. LaPlante KL, Rybak MJ. Impact of high-inoculum Staphylococcus aur-
eus on the activities of nafcillin, vancomycin, linezolid, and daptomy-
cin, alone and in combination with gentamicin, in an in vitro
pharmacodynamic model. Antimicrob Agents Chemother 2004; 48:
4665–4672.
91. Fox PM, Lampen RJ, Stumpf KS, Archer GL, Climo MW. Successful
therapy of experimental endocarditis caused by vancomycin-resis-
tant Staphylococcus aureus with a combination of vancomycin and
beta-lactam antibiotics. Antimicrob Agents Chemother 2006; 50: 2951–
2956.
92. John AK, Baldoni D, Haschke M et al. Efficacy of daptomycin in
implant-associated infection due to methicillin-resistant Staphylococ-
cus aureus: importance of combination with rifampin. Antimicrob
Agents Chemother 2009; 53: 2719–2724.
93. Drinkovic D, Morris AJ, Pottumarthy S, MacCulloch D, West T.
Bacteriological outcome of combination versus single-agent treat-
ment for staphylococcal endocarditis. J Antimicrob Chemother 2003;
52: 820–825.
94. Fowler VG Jr, Boucher HW, Corey GR et al. Daptomycin versus
standard therapy for bacteremia and endocarditis caused by Staphy-
lococcus aureus. N Engl J Med 2006; 355: 653–665.
95. Levine DP, Fromm BS, Reddy BR. Slow response to vancomycin or
vancomycin plus rifampin in methicillin-resistant Staphylococcus aur-
eus endocarditis. Ann Intern Med 1991; 115: 674–680.
96. Riedel DJ, Weekes E, Forrest GN. Addition of rifampin to standard
therapy for treatment of native valve infective endocarditis caused
by Staphylococcus aureus. Antimicrob Agents Chemother 2008; 52:
2463–2467.
97. Howden BP, Ward PB, Charles PG et al. Treatment outcomes for
serious infections caused by methicillin-resistant Staphylococcus aur-
eus with reduced vancomycin susceptibility. Clin Infect Dis 2004; 38:
521–528.
98. Jang HC, Kim SH, Kim KH et al. Salvage treatment for persistent
methicillin-resistant Staphylococcus aureus bacteremia: efficacy of lin-
ezolid with or without carbapenem. Clin Infect Dis 2009; 49: 395–401.
99. Howden BP, Grayson ML. Dumb and dumber—the potential waste
of a useful antistaphylococcal agent: emerging fusidic acid resistance
in Staphylococcus aureus. Clin Infect Dis 2006; 42: 394–400.
26 Clinical Microbiology and Infection, Volume 16, Supplement 1, March 2010 CMI
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
100. Watanakunakorn C, Guerriero JC. Interaction between vancomycin
and rifampin against Staphylococcus aureus. Antimicrob Agents Chemo-
ther 1981; 19: 1089–1091.
101. Palmer SM, Rybak MJ. Pharmacodynamics of once- or twice-daily
levofloxacin versus vancomycin, with or without rifampin, against
Staphylococcus aureus in an in vitro model with infected platelet–fibrin
clots. Antimicrob Agents Chemother 1996; 40: 701–705.
102. Kang-Birken SL. Comparative in vitro activity of vancomycin and lev-
ofloxacin in combination with rifampin against planktonic versus ses-
sile cells of Staphylococcus epidermidis. Pharmacotherapy 2000; 20:
673–678.
103. Henry NK, Rouse MS, Whitesell AL, McConnell ME, Wilson WR.
Treatment of methicillin-resistant Staphylococcus aureus experimental
osteomyelitis with ciprofloxacin or vancomycin alone or in combi-
nation with rifampin. Am J Med 1987; 82: 73–75.
104. Dworkin R, Modin G, Kunz S, Rich R, Zak O, Sande M. Compara-
tive efficacies of ciprofloxacin, pefloxacin, and vancomycin in combi-
nation with rifampin in a rat model of methicillin-resistant
Staphylococcus aureus chronic osteomyelitis. Antimicrob Agents Chemo-
ther 1990; 34: 1014–1016.
105. Bayer AS, Lam K. Efficacy of vancomycin plus rifampin in experi-
mental aortic-valve endocarditis due to methicillin-resistant Staphylo-
coccus aureus: in vitro–in vivo correlations. J Infect Dis 1985; 151: 157–
165.
106. Perlroth J, Kuo M, Tan J, Bayer AS, Miller LG. Adjunctive use of
rifampin for the treatment of Staphylococcus aureus infections: a sys-
tematic review of the literature. Arch Intern Med 2008; 168: 805–
819.
107. Tsuji BT, Rybak MJ. Short-course gentamicin in combination with
daptomycin or vancomycin against Staphylococcus aureus in an in vitro
pharmacodynamic model with simulated endocardial vegetations. An-
timicrob Agents Chemother 2005; 49: 2735–2745.
108. Perdikaris G, Giamarellou H, Pefanis A, Donta I, Karayiannakos P.
Vancomycin or vancomycin plus netilmicin for methicillin- and gen-
tamicin-resistant Staphylococcus aureus aortic valve experimental
endocarditis. Antimicrob Agents Chemother 1995; 39: 2289–2294.
109. Mulazimoglu L, Drenning SD, Muder RR. Vancomycin–gentamicin
synergism revisited: effect of gentamicin susceptibility of methicillin-
resistant Staphylococcus aureus. Antimicrob Agents Chemother 1996; 40:
1534–1535.
110. Houlihan HH, Mercier RC, Rybak MJ. Pharmacodynamics of vanco-
mycin alone and in combination with gentamicin at various dosing
intervals against methicillin-resistant Staphylococcus aureus-infected
fibrin–platelet clots in an in vitro infection model. Antimicrob Agents
Chemother 1997; 41: 2497–2501.
111. Swinney VR, Rudd CC. Nephrotoxicity of vancomycin–gentamicin
therapy in pediatric patients. J Pediatr 1987; 110: 497–498.
112. Rybak MJ, Albrecht LM, Boike SC, Chandrasekar PH. Nephrotoxi-
city of vancomycin, alone and with an aminoglycoside. J Antimicrob
Chemother 1990; 25: 679–687.
113. Korzeniowski O, Sande MA. Combination antimicrobial therapy for
Staphylococcus aureus endocarditis in patients addicted to parenteral
drugs and in nonaddicts: a prospective study. Ann Intern Med 1982;
97: 496–503.
114. Goetz MB, Sayers J. Nephrotoxicity of vancomycin and aminoglyco-
side therapy separately and in combination. J Antimicrob Chemother
1993; 32: 325–334.
115. Fauconneau B, De Lemos E, Pariat C, Bouquet S, Courtois P, Piriou
A. Chrononephrotoxicity in rat of a vancomycin and gentamicin
combination. Pharmacol Toxicol 1992; 71: 31–36.
116. Fauconneau B, Favreliere S, Pariat C et al. Nephrotoxicity of genta-
micin and vancomycin given alone and in combination as determined
by enzymuria and cortical antibiotic levels in rats. Ren Fail 1997; 19:
15–22.
117. Dean RP, Wagner DJ, Tolpin MD. Vancomycin/aminoglycoside neph-
rotoxicity. J Pediatr 1985; 106: 861–862.
118. Abrams B, Sklaver A, Hoffman T, Greenman R. Single or combina-
tion therapy of staphylococcal endocarditis in intravenous drug
abusers. Ann Intern Med 1979; 90: 789–791.
119. Foldes M, Munro R, Sorrell TC, Shanker S, Toohey M. In-vitro
effects of vancomycin, rifampicin, and fusidic acid, alone and in com-
bination, against methicillin-resistant Staphylococcus aureus. J Antimic-
rob Chemother 1983; 11: 21–26.
120. Fantin B, Leclercq R, Duval J, Carbon C. Fusidic acid alone or in
combination with vancomycin for therapy of experimental endocar-
ditis due to methicillin-resistant Staphylococcus aureus. Antimicrob
Agents Chemother 1993; 37: 2466–2469.
121. Drugeon HB, Caillon J, Juvin ME. In-vitro antibacterial activity of
fusidic acid alone and in combination with other antibiotics against
methicillin-sensitive and -resistant Staphylococcus aureus. J Antimicrob
Chemother 1994; 34: 899–907.
122. Whitby M. Fusidic acid in the treatment of methicillin-resistant
Staphylococcus aureus. Int J Antimicrob Agents 1999; 12 (suppl 2): S67–
S71.
123. Whitby M. Fusidic acid in septicaemia and endocarditis. Int J Antimic-
rob Agents 1999; 12 (suppl 2): S17–S22.
124. Turnidge J, Collignon P. Resistance to fusidic acid. Int J Antimicrob
Agents 1999; 12 (suppl 2): S35–S44.
125. Chang SC, Hsieh SM, Chen ML, Sheng WH, Chen YC. Oral fusidic
acid fails to eradicate methicillin-resistant Staphylococcus aureus colo-
nization and results in emergence of fusidic acid-resistant strains.
Diagn Microbiol Infect Dis 2000; 36: 131–136.
126. Ferrara A, Dos SC, Cimbro M, Gialdroni GG. Effect of different
combinations of sparfloxacin, oxacillin, and fosfomycin against methi-
cillin-resistant staphylococci. Eur J Clin Microbiol Infect Dis 1997; 16:
535–537.
127. Harada R, Miyamoto H, Sakao Y, Hamada T, Hata E. Combination
therapy with arbekacin and fosfomycin against postoperative severe
mixed-pneumonia of MRSA in primary lung cancer patients [Japa-
nese]. Kyobu Geka 1995; 48: 836–840.
128. Hashimoto A, Ohtsubo T, Tomono K et al. Clinical effect of the
combined therapy of arbekacin and imipenem/cilastatin against
methicillin-resistant Staphylococcus aureus [Japanese]. Jpn J Antibiot
1994; 47: 804–812.
129. Kono K, Takeda S, Tatara I et al. Combined therapy with arbekacin
and fosfomycin for methicillin-resistant Staphylococcus aureus infec-
tions [Japanese]. Jpn J Antibiot 1994; 47: 798–803.
130. Tanaka T, Iida-Tanaka K, Takahara J et al. Staggered intensive che-
motherapy using arbekacin, fosfomycin and ceftazidime on polymi-
crobial infections involving MRSA [Japanese]. Jpn J Antibiot 1994; 47:
790–797.
131. Singh SR, Bacon AE III, Young DC, Couch KA. In-vitro 24-hour time
kill studies of vancomycin and linezolid in combination versus methi-
cillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother
2009; 53: 4495–4497.
132. Esposito S, Leone S, Petta E, Noviello S, Ianniello F. Treatment
options for skin and soft tissue infections caused by meticillin-resis-
tant Staphylococcus aureus: oral vs. parenteral; home vs. hospital. Int J
Antimicrob Agents 2009; 34 (suppl 1): S30–S35.
133. Campanile F, Bongiorno D, Borbone S, Stefani S. Hospital-associated
methicillin-resistant Staphylococcus aureus (HA-MRSA) in Italy. Ann
Clin Microbiol Antimicrob 2009; 8: 22–31.
134. Itani KM, Weigelt J, Li JZ, Duttagupta S. Linezolid reduces length of
stay and duration of intravenous treatment compared with vanco-
mycin for complicated skin and soft tissue infections due to sus-
pected or proven methicillin-resistant Staphylococcus aureus (MRSA).
Int J Antimicrob Agents 2005; 26: 442–448.
CMI Dryden et al. Antibiotic management of MRSA: a European survey 27
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
135. Itani KM, Weigelt JA, Stevens DL, Dryden MS, Bhattacharyya H,
Kunkel MJ, Baruch AM. Efficacy and safety of linezolid versus vanco-
mycin for the treatment of complicated skin and soft-tissue infec-
tions proven to be due to methicillin-resistant Staphylococcus aureus.
Clin Microbiol Infect 2008; 14 (Suppl.7): S16. Abstract 080
136. Falagas ME, Siempos II, Vardakas KZ. Linezolid versus glycopeptide
or beta-lactam for treatment of Gram-positive bacterial infections:
meta-analysis of randomised controlled trials. Lancet Infect Dis 2008;
8: 53–66.
137. Wilcox M, Nathwani D, Dryden M. Linezolid compared with tei-
coplanin for the treatment of suspected or proven Gram-positive
infections. J Antimicrob Chemother 2004; 53: 335–344.
138. Ruhe JJ, Menon A. Tetracyclines as an oral treatment option for
patients with community onset skin and soft tissue infections caused
by methicillin-resistant Staphylococcus aureus. Antimicrob Agents Che-
mother 2007; 51: 3298–3303.
139. Proctor RA. Role of folate antagonists in the treatment of methicil-
lin-resistant Staphylococcus aureus infection. Clin Infect Dis 2008; 46:
584–593.
140. Martinez-Aguilar G, Hammerman WA, Mason EO Jr, Kaplan SL.
Clindamycin treatment of invasive infections caused by community-
acquired, methicillin-resistant and methicillin-susceptible Staphylococ-
cus aureus in children. Pediatr Infect Dis J 2003; 22: 593–598.
141. Patel M, Waites KB, Moser SA, Cloud GA, Hoesley CJ. Prevalence
of inducible clindamycin resistance among community- and hospital-
associated Staphylococcus aureus isolates. J Clin Microbiol 2006; 44:
2481–2484.
142. Enoch DA, Karas JA, Aliyu SH. Oral antimicrobial options for the
treatment of skin and soft-tissue infections caused by methicillin-
resistant Staphylococcus aureus (MRSA) in the UK. Int J Antimicrob
Agents 2009; 33: 497–502.
143. Fridkin SK, Hageman JC, Morrison M et al. Methicillin-resistant
Staphylococcus aureus disease in three communities. N Engl J Med
2005; 352: 1436–1444.
144. Walsh TJ, Standiford HC, Reboli AC et al. Randomized double-blinded
trial of rifampin with either novobiocin or trimethoprim–sulfamethox-
azole against methicillin-resistant Staphylococcus aureus colonization:
prevention of antimicrobial resistance and effect of host factors on
outcome. Antimicrob Agents Chemother 1993; 37: 1334–1342.
145. Muder RR, Boldin M, Brennen C et al. A controlled trial of rifampi-
cin, minocycline, and rifampicin plus minocycline for eradication of
methicillin-resistant Staphylococcus aureus in long-term care patients.
J Antimicrob Chemother 1994; 34: 189–190.
146. Wertheim HF, Ammerlaan HS, Bonten MJ et al. Optimisation of the
antibiotic policy in the Netherlands. XII. The SWAB guideline for
antimicrobial eradication of MRSA in carriers [Dutch]. Ned Tijdschr
Geneeskd 2008; 152: 2667–2671.
147. Coia JE, Duckworth GJ, Edwards DI et al. Guidelines for the control
and prevention of meticillin-resistant Staphylococcus aureus (MRSA)
in healthcare facilities. J Hosp Infect 2006; 1: S1–S44.
148. Cosgrove SE, Fowler VG Jr. Management of methicillin-resistant
Staphylococcus aureus bacteremia. Clin Infect Dis 2008; 46 (suppl 5):
S386–S393.
149. Dupont H, Mentec H, Sollet JP, Bleichner G. Impact of appropriate-
ness of initial antibiotic therapy on the outcome of ventilator-associ-
ated pneumonia. Intensive Care Med 2001; 27: 355–362.
150. Iregui M, Ward S, Sherman G, Fraser VJ, Kollef MH. Clinical impor-
tance of delays in the initiation of appropriate antibiotic treatment
for ventilator-associated pneumonia. Chest 2002; 122: 262–268.
151. Rello J, Gallego M, Mariscal D, Sonora R, Valles J. The value of rou-
tine microbial investigation in ventilator-associated pneumonia. Am J
Respir Crit Care Med 1997; 156: 196–200.
152. Schramm GE, Johnson JA, Doherty JA, Micek ST, Kollef MH. Methi-
cillin-resistant Staphylococcus aureus sterile-site infection: the impor-
tance of appropriate initial antimicrobial treatment. Crit Care Med
2006; 34: 2069–2074.
153. Chastre J, Fagon JY. Ventilator-associated pneumonia. Am J Respir
Crit Care Med 2002; 165: 867–903.
154. Hayon J, Figliolini C, Combes A et al. Role of serial routine microbi-
ologic culture results in the initial management of ventilator-associ-
ated pneumonia. Am J Respir Crit Care Med 2002; 165: 41–46.
155. Leone M, Garcin F, Bouvenot J et al. Ventilator-associated pneumo-
nia: breaking the vicious circle of antibiotic overuse. Crit Care Med
2007; 35: 379–385.
156. Michel F, Franceschini B, Berger P et al. Early antibiotic treatment
for BAL-confirmed ventilator-associated pneumonia: a role for rou-
tine endotracheal aspirate cultures. Chest 2005; 127: 589–597.
157. Depuydt P, Benoit D, Vogelaers D et al. Systematic surveillance cul-
tures as a tool to predict involvement of multidrug antibiotic resis-
tant bacteria in ventilator-associated pneumonia. Intensive Care Med
2008; 34: 675–682.
158. Gastmeier P, Sohr D, Geffers C, Ruden H, Vonberg RP, Welte T.
Early- and late-onset pneumonia: is this still a useful classification?
Antimicrob Agents Chemother 2009; 53: 2714–2718.
159. Giantsou E, Liratzopoulos N, Efraimidou E et al. Both early-onset
and late-onset ventilator-associated pneumonia are caused mainly by
potentially multiresistant bacteria. Intensive Care Med 2005; 31:
1488–1494.
160. Heyland DK, Cook DJ, Griffith L, Keenan SP, Brun-Buisson C. The
attributable morbidity and mortality of ventilator-associated pneu-
monia in the critically ill patient. The Canadian Critical Trials Group.
Am J Respir Crit Care Med 1999; 159: 1249–1256.
161. Ibrahim EH, Ward S, Sherman G, Kollef MH. A comparative analysis
of patients with early-onset vs. late-onset nosocomial pneumonia in
the ICU setting. Chest 2000; 117: 1434–1442.
162. Depuydt PO, Vandijck DM, Bekaert MA et al. Determinants and
impact of multidrug antibiotic resistance in pathogens causing venti-
lator-associated-pneumonia. Crit Care 2008; 12: R142–R151.
163. Lam AP, Wunderink RG. The role of MRSA in healthcare-associated
pneumonia. Semin Respir Crit Care Med 2009; 30: 52–60.
164. Rello J, Ausina V, Ricart M, Castella J, Prats G. Impact of previous
antimicrobial therapy on the etiology and outcome of ventilator-
associated pneumonia. Chest 1993; 104: 1230–1235.
165. Shorr AF, Zilberberg MD, Micek ST, Kollef MH. Prediction of infec-
tion due to antibiotic-resistant bacteria by select risk factors for
health care-associated pneumonia. Arch Intern Med 2008; 168: 2205–
2210.
166. Trouillet JL, Chastre J, Vuagnat A et al. Ventilator-associated pneu-
monia caused by potentially drug-resistant bacteria. Am J Respir Crit
Care Med 1998; 157: 531–539.
167. Rello J, Sa-Borges M, Correa H, Leal SR, Baraibar J. Variations in eti-
ology of ventilator-associated pneumonia across four treatment
sites: implications for antimicrobial prescribing practices. Am J Respir
Crit Care Med 1999; 160: 608–613.
168. Davis KA, Stewart JJ, Crouch HK, Florez CE, Hospenthal DR. Meth-
icillin-resistant Staphylococcus aureus (MRSA) nares colonization at
hospital admission and its effect on subsequent MRSA infection. Clin
Infect Dis 2004; 39: 776–782.
169. Garrouste-Orgeas M, Timsit JF, Kallel H et al. Colonization with
methicillin-resistant Staphylococcus aureus in ICU patients: morbidity,
mortality, and glycopeptide use. Infect Control Hosp Epidemiol 2001;
22: 687–692.
170. Huang SS, Platt R. Risk of methicillin-resistant Staphylococcus aureus
infection after previous infection or colonization. Clin Infect Dis
2003; 36: 281–285.
171. Huang SS, Diekema DJ, Warren DK et al. Strain-relatedness of
methicillin-resistant Staphylococcus aureus isolates recovered from
patients with repeated infection. Clin Infect Dis 2008; 46: 1241–1247.
28 Clinical Microbiology and Infection, Volume 16, Supplement 1, March 2010 CMI
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
172. Safdar N, Bradley EA. The risk of infection after nasal colonization
with Staphylococcus aureus. Am J Med 2008; 121: 310–315.
173. MacDougall C, Powell JP, Johnson CK, Edmond MB, Polk RE. Hospi-
tal and community fluoroquinolone use and resistance in Staphylo-
coccus aureus and Escherichia coli in 17 US hospitals. Clin Infect Dis
2005; 41: 435–440.
174. Monnet DL, MacKenzie FM, Lopez-Lozano JM et al. Antimicrobial
drug use and methicillin-resistant Staphylococcus aureus, Aberdeen,
1996–2000. Emerg Infect Dis 2004; 10: 1432–1441.
175. Lam AP, Wunderink RG. Methicillin-resistant S. aureus ventilator-
associated pneumonia: strategies to prevent and treat. Semin Respir
Crit Care Med 2006; 27: 92–103.
176. Charbonneau P, Parienti JJ, Thibon P et al. Fluoroquinolone use and
methicillin-resistant Staphylococcus aureus isolation rates in hospital-
ized patients: a quasi experimental study. Clin Infect Dis 2006; 42:
778–784.
177. MacDougall C, Harpe SE, Powell JP, Johnson CK, Edmond MB, Polk
RE. Pseudomonas aeruginosa, Staphylococcus aureus, and fluoroquino-
lone use. Emerg Infect Dis 2005; 11: 1197–1204.
178. Goodman ER, Platt R, Bass R, Onderdonk AB, Yokoe DS, Huang
SS. Impact of an environmental cleaning intervention on the pres-
ence of methicillin-resistant Staphylococcus aureus and vancomycin-
resistant enterococci on surfaces in intensive care unit rooms. Infect
Control Hosp Epidemiol 2008; 29: 593–599.
179. Oztoprak N, Cevik MA, Akinci E et al. Risk factors for ICU-acquired
methicillin-resistant Staphylococcus aureus infections. Am J Infect Con-
trol 2006; 34: 1–5.
180. DeRyke CA, Lodise TP Jr, Rybak MJ, McKinnon PS. Epidemiology,
treatment, and outcomes of nosocomial bacteremic Staphylococcus
aureus pneumonia. Chest 2005; 128: 1414–1422.
181. Fagon J, Patrick H, Haas DW et al. Treatment of gram-positive nos-
ocomial pneumonia. Prospective randomized comparison of quinu-
pristin/dalfopristin versus vancomycin. Nosocomial Pneumonia
Group. Am J Respir Crit Care Med 2000; 161: 753–762.
182. Rubinstein E, Cammarata S, Oliphant T, Wunderink R, Linezolid
Nosocomial Pneumonia Study Group. Linezolid (PNU-100766) ver-
sus vancomycin in the treatment of hospitalized patients with noso-
comial pneumonia: a randomized, double-blind, multicenter study.
Clin Infect Dis 2001; 32: 402–412.
183. Baughman RP, Kerr MA. Ventilator-associated pneumonia patients
who do not reduce bacteria from the lungs have a worse prognosis.
J Intensive Care Med 2003; 18: 269–274.
184. Andes D, Anon J, Jacobs MR, Craig WA. Application of pharmacoki-
netics and pharmacodynamics to antimicrobial therapy of respira-
tory tract infections. Clin Lab Med 2004; 24: 477–502.
185. Moise PA, Forrest A, Bhavnani SM, Birmingham MC, Schentag JJ.
Area under the inhibitory curve and a pneumonia scoring system
for predicting outcomes of vancomycin therapy for respiratory
infections by Staphylococcus aureus. Am J Health Syst Pharm 2000; 57
(suppl 2): S4–S9.
186. Hidayat LK, Hsu DI, Quist R, Shriner KA, Wong-Beringer A. High-
dose vancomycin therapy for methicillin-resistant Staphylococcus aur-
eus infections: efficacy and toxicity. Arch Intern Med 2006; 166:
2138–2144.
187. Lodise TP, Lomaestro B, Graves J, Drusano GL. Larger vancomycin
doses (at least four grams per day) are associated with an increased
incidence of nephrotoxicity. Antimicrob Agents Chemother 2008; 52:
1330–1336.
188. Conte JE Jr, Golden JA, Kipps J, Zurlinden E. Intrapulmonary phar-
macokinetics of linezolid. Antimicrob Agents Chemother 2002; 46:
1475–1480.
189. Kollef MH, Rello J, Cammarata SK, Croos-Dabrera RV, Wunderink
RG. Clinical cure and survival in Gram-positive ventilator-associated
pneumonia: retrospective analysis of two double-blind studies com-
paring linezolid with vancomycin. Intensive Care Med 2004; 30: 388–
394.
190. Shorr AF, Kunkel MJ, Kollef M. Linezolid versus vancomycin for
Staphylococcus aureus bacteraemia: pooled analysis of randomized
studies. J Antimicrob Chemother 2005; 56: 923–929.
191. Stevens DL, Herr D, Lampiris H, Hunt JL, Batts DH, Hafkin B. Lin-
ezolid versus vancomycin for the treatment of methicillin-resistant
Staphylococcus aureus infections. Clin Infect Dis 2002; 34: 1481–1490.
192. Weigelt J, Kaafarani HM, Itani KM, Swanson RN. Linezolid eradi-
cates MRSA better than vancomycin from surgical-site infections.
Am J Surg 2004; 188: 760–766.
193. Wunderink RG, Rello J, Cammarata SK, Croos-Dabrera RV, Kollef
MH. Linezolid vs. vancomycin: analysis of two double-blind studies
of patients with methicillin-resistant Staphylococcus aureus nosoco-
mial pneumonia. Chest 2003; 124: 1789–1797.
194. Weigelt J, Itani K, Stevens D, Lau W, Dryden M, Knirsch C. Lin-
ezolid versus vancomycin in treatment of complicated skin and
soft tissue infections. Antimicrob Agents Chemother 2005; 49: 2260–
2266.
195. Cepeda JA, Whitehouse T, Cooper B et al. Linezolid versus teicopl-
anin in the treatment of Gram-positive infections in the critically ill:
a randomized, double-blind, multicentre study. J Antimicrob Chemo-
ther 2004; 53: 345–355.
196. Lodise TP, Graves J, Evans A et al. Relationship between vancomycin
MIC and failure among patients with methicillin-resistant Staphylococ-
cus aureus bacteremia treated with vancomycin. Antimicrob Agents
Chemother 2008; 52: 3315–3320.
197. Lodise TP, Miller CD, Graves J et al. Predictors of high vancomycin
MIC values among patients with methicillin-resistant Staphylococcus
aureus bacteraemia. J Antimicrob Chemother 2008; 62: 1138–1141.
198. Sander A, Beiderlinden M, Schmid EN, Peters J. Clinical experience
with quinupristin–dalfopristin as rescue treatment of critically ill
patients infected with methicillin-resistant staphylococci. Intensive
Care Med 2002; 28: 1157–1160.
199. Pertel PE, Bernardo P, Fogarty C et al. Effects of prior effective
therapy on the efficacy of daptomycin and ceftriaxone for the treat-
ment of community-acquired pneumonia. Clin Infect Dis 2008; 46:
1142–1151.
200. Silverman JA, Mortin LI, Vanpraagh AD, Li T, Alder J. Inhibition of
daptomycin by pulmonary surfactant: in vitro modeling and clinical
impact. J Infect Dis 2005; 191: 2149–2152.
201. Hair PI, Keam SJ. Daptomycin: a review of its use in the manage-
ment of complicated skin and soft-tissue infections and Staphylococ-
cus aureus bacteraemia. Drugs 2007; 67: 1483–1512.
202. Alder J. The use of daptomycin for Staphylococcus aureus infections
in critical care medicine. Crit Care Clin 2008; 24: 349–363.
203. Bhattacharya M, Parakh A, Narang M. Tigecycline. J Postgrad Med
2009; 55: 65–68.
204. Swoboda S, Ober M, Hainer C et al. Tigecycline for the treatment
of patients with severe sepsis or septic shock: a drug use evaluation
in a surgical intensive care unit. J Antimicrob Chemother 2008; 61:
729–733.
205. Wang G, Hindler JF, Ward KW, Bruckner DA. Increased vanco-
mycin MICs for Staphylococcus aureus clinical isolates from a uni-
versity hospital during a 5-year period. J Clin Microbiol 2006; 44:
3883–3886.
206. Steinkraus G, White R, Friedrich L. Vancomycin MIC creep in non-
vancomycin-intermediate Staphylococcus aureus (VISA), vancomycin-
susceptible clinical methicillin-resistant Staphylococcus aureus (MRSA)
blood isolates from 2001–05. J Antimicrob Chemother 2007; 60: 788–
794.
207. Moise-Broder PA, Sakoulas G, Eliopoulos GM, Schentag JJ, Forrest
A, Moellering RC Jr. Accessory gene regulator group II polymor-
CMI Dryden et al. Antibiotic management of MRSA: a European survey 29
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
phism in methicillin-resistant Staphylococcus aureus is predictive of
failure of vancomycin therapy. Clin Infect Dis 2004; 38: 1700–1705.
208. Gould IM. Clinical relevance of increasing glycopeptide MICs
against Staphylococcus aureus. Int J Antimicrob Agents 2008; 31 (suppl
2): 1–9.
209. Liu C, Chambers HF. Staphylococcus aureus with heterogeneous
resistance to vancomycin: epidemiology, clinical significance, and
critical assessment of diagnostic methods. Antimicrob Agents Chemo-
ther 2003; 47: 3040–3045.
210. CDC. Staphylococcus aureus resistant to vancomycin—United States
2002. MMWR 2002; 51: 565–567.
211. Rodriguez-Morales AJ, Rodriguez CN, Garcia A, Jimenez I, Pastran
B, Meijomil P. Surveillance analysis of decreasing susceptibility of
Staphylococcus aureus to vancomycin using a mathematical model. Int
J Antimicrob Agents 2007; 29: 607–609.
212. Soriano A, Marco F, Martinez JA et al. Influence of vancomycin mini-
mum inhibitory concentration on the treatment of methicillin-resis-
tant Staphylococcus aureus bacteremia. Clin Infect Dis 2008; 46: 193–
200.
213. Walsh TR, Bolmstrom A, Qwarnstrom A et al. Evaluation of current
methods for detection of staphylococci with reduced susceptibility
to glycopeptides. J Clin Microbiol 2001; 39: 2439–2444.
214. Wunderink RG, Cammarata SK, Oliphant TH, Kollef MH, Linezolid
Nosocomial Pneumonia Study Group. Continuation of a random-
ized, double-blind, multicenter study of linezolid versus vancomycin
in the treatment of patients with nosocomial pneumonia. Clin Ther
2003; 25: 980–992.
215. Rupprecht TA, Pfister HW. Clinical experience with linezolid for
the treatment of central nervous system infections. Eur J Neurol
2005; 12: 536–542.
216. Ntziora F, Falagas ME. Linezolid for the treatment of patients with
central nervous system infection. Ann Pharmacother 2007; 41: 296–
308.
217. Luna CM, Bruno DA, Garcia-Morato J et al. Effect of linezolid com-
pared with glycopeptides in methicillin-resistant Staphylococcus aur-
eus severe pneumonia in piglets. Chest 2009; 135: 1564–1571.
218. Kessler AT, Kourtis AP. Treatment of meningitis caused by methicil-
lin-resistant Staphylococcus aureus with linezolid. Infection 2007; 35:
271–274.
219. Kallweit U, Harzheim M, Marklein G, Welt T, Pohlau D. Successful
treatment of methicillin-resistant Staphylococcus aureus meningitis
using linezolid without removal of intrathecal infusion pump. Case
report. J Neurosurg 2007; 107: 651–653.
220. Daptomycin (Cubicin) for skin and soft tissue infections. Med Lett
Drugs Ther 2004; 46: 11–12.
221. Hau T. Efficacy and safety of linezolid in the treatment of skin and
soft tissue infections. Eur J Clin Microbiol Infect Dis 2002; 21: 491–
498.
222. Li JZ, Willke RJ, Rittenhouse BE, Rybak MJ. Effect of linezolid versus
vancomycin on length of hospital stay in patients with complicated
skin and soft tissue infections caused by known or suspected methi-
cillin-resistant staphylococci: results from a randomized clinical trial.
Surg Infect (Larchmt) 2003; 4: 57–70.
223. Sakoulas G. Daptomycin for soft tissue infection and neutropenia in
a myelogenous leukemia patient who failed prior vancomycin ther-
apy. Clin Adv Hematol Oncol 2008; 6: 813–815.
224. Seaton RA. Daptomycin: rationale and role in the management of
skin and soft tissue infections. J Antimicrob Chemother 2008; 62 (sup-
pl 3): iii15–iii23.
225. Stevens DL, Smith LG, Bruss JB et al. Randomized comparison of
linezolid (PNU-100766) versus oxacillin–dicloxacillin for treatment
of complicated skin and soft tissue infections. Antimicrob Agents Che-
mother 2000; 44: 3408–3413.
226. Arbeit RD, Maki D, Tally FP, Campanaro E, Eisenstein BI. The safety
and efficacy of daptomycin for the treatment of complicated skin
and skin-structure infections. Clin Infect Dis 2004; 38: 1673–1681.
227. Rybak MJ, Lomaestro BM, Rotscahfer JC et al. Vancomycin thera-
peutic guidelines: a summary of consensus recommendations from
the Infectious Diseases Society of America, the American Society of
Health-System Pharmacists, and the Society of Infectious Diseases
Pharmacists. Clin Infect Dis 2009; 49: 325–327.
30 Clinical Microbiology and Infection, Volume 16, Supplement 1, March 2010 CMI
ª2010 The Authors
Journal Compilation ª2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16 (Suppl. 1), 3–30
